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ABSTRACT 


Thyroid function and the binding of thyroxine in serum were assessed in 2 
women with choriocarcinoma and 3 with hydatidiform mole. Women with 
choriocarcinoma who were excreting chorionic gonadotropin did not exhibit 
estrogenic effects or altered binding of thyroxine by the thyroxine-binding 
globulin. Chorionic gonadotropin per se thus appears to play no part in the 
increase in serum thyroxine-binding characteristic of normal pregnancy. In 
women with hydatidiform moles, the production of thyroid hormone, as esti- 
mated by the thyroidal accumulation of I?’ and concentrations of serum pro- 
tein-bound protein-bound and butanol-extractable reached values 
found in thyrotoxicosis. These parameters returned to normal in each case after 
removal of the pathologic conceptus. 


* Presented at the Annual Meeting of the American -Goiter Association, Chicago, 
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+ This investigation was supported in nent by research grant No. 267 from the 
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Board, Office of the Surgeon General, Department of the Army, under Contract No. 
DA-49-007-M D-412. 
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YPERPLASIA of the thyroid gland, increased thyroidal accumula- 

tion of radioactive iodide, and an increase in the concentration of 
circulating thyroid hormone develop early in human pregnancy and per- 
sist briefly into the puerperium (1-4). The genesis and physiologic signifi- 
cance of these changes remain obscure, and their clarification has been 
hampered in part by reluctance to administer radioactive isotopes to nor- 
mally pregnant women. However, unique opportunities for study of the 
effects of gestation on the metabolism of iodine are provided by the 
pathologic pregnancies, hydatidiform mole and choriocarcinoma. The pres- 
ent work is concerned with an exploration of the effects of these disorders 


upon thyroidal economy. 

Clinical urgency ‘for treatment of the abnormal pregnancy precluded 
any studies of iodine metabolism requiring more than a few days of obser- 
vation. However, within that brief time interval, it was hoped to learn if 
there was evidence of 1) increased thyroidal accumulation of iodide, 2) 
increased production and release of hormone from the gland, and 3) al- 
terations in the manner in which thyroxine is bound within the circulation. 


MATERIALS AND METHODS 


Daily thyroidal accumulation of I?” was estimated in 4 of the 5 patients by taking 
advantage of the assumption that, after mixing, the distribution of I'*! between thyroid 
and urine at any time under steady-state conditions is proportional to the distribution 
of I'?? between these compartments. Discussions of the validity of the method, descrip- 
tion of the techniques employed and assessment of the relationship between thyroidal 
accumulation of I?’ and production of thyroid hormone are reported in detail else- 
where (5-7). Briefly, the following method was employed. After an oral dose of inorganic 
(90-100 ye.), the accumulations of thyroidal and urinary I"*! assessed on two 
successive days and expressed as percentages of the administered dose. The thyroidal 
increment in the accumulation of I'*' during the second day was calculated by sub- 
tracting the 24-hour percentage uptake from the 48-hour value. Stable iodine analyses 
were performed on aliquots of each daily urine sample and total daily urinary excretion 
of I?’ was calculated. Thyroidal accumulation of I?’ was calculated as follows: 


Daily thyroidal increment in I" 
Daily thyroidal (% administered dose) 
accumulation of I'?? (ug.I) = X Daily urinary I”? (ug.1). 
Urinary increment in ['*! 
(% administered dose/24-hr. vol.) 


Concentrations of serum protein-bound (PBI!) and butanol-extractable 
(BEI*!) were measured at twenty-four and forty-eight hours following administration 
of the tracer dose by methods previously described (8, 9). Briefly, concentrations of 
SPI'*! were measured by precipitation of the proteins from 3.0-ml. aliquots of serum to 
which carrier stable thyroxine was added with an equal volume of 10 per cent trichlor- 
acetic acid (TCA) followed by multiple washings of the precipitate with 6.0 ml. of 5 
per cent TCA. The washed precipitate was dissolved in 3.0 ml. of 10 per cent sodium 
hydroxide and counted in a well-type scintillation counter. 


‘ 
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Concentrations of BEI'*! were measured by repeated extraction of acidified 3.0-ml. 
aliquots of serum to which carrier stable thyroxine was added with water-saturated 
butanol followed by multiple washings with alkaline sodium carbonate (Blau’s solution). 
The pooled extracts were dried in vacuo, taken up in 3.0 ml. of butanol and counted in 
the scintillation counter. The radioactivity of samples prepared for PBI and BEI 
analyses were compared with that of a suitably diluted aliquot of the administered dose. 

Aliquots of serum obtained during each period of study were stored in the frozen 
state for subsequent measurement of the concentration of PBI'?’, and for assay of 
thyroxine-binding. 

Thyroxine-binding in sera from Patients A.B. and M.W. was studied prior to de- 
velopment of the method currently in use in this laboratory. The earlier method (10) 
allowed analysis of the binding activity of the thyroxine-binding globulin (TBG) but 
the absolute binding capacity could not be determined, nor could binding by the newly 
described thyroxine-binding pre-albumin (TBPA) be assessed (11). The current method 
was employed in study of Patients D.P., D.E. and P.G. This consisted of zonal ‘electro- 
phoresis of sera in trishydroxymethylaminomethane-maleate buffer (TRIS-maleate), 
pH 8.6, ionic strength =0.1 Sera were first enriched with constant quantities of radio- 
thyroxine and increasing quantities of stable thyroxine. After electrophoresis, strips 
were scanned and peaks of radioactivity integrated by means of an electronic analog 
integrator (12). Saturation of TBG and TBPA was assumed when, with increasing 
concentrations of added thyroxine, no further increase occurred in the absolute quantity 
of thyroxine bound to the binding protein. 

Excretion of estrogens was not measured in the patients. Neither mammary en- 
gorgement and tenderness nor areolar pigmentary changes were observed, however, in 
the women with choriocarcinoma. 


CASE MATERIAL 


Two women with choriocarcinoma and 3 with hydatidiform mole were 
studied. Abstracts of their case histories were as follows: 


Case 1 


D.E., a 27-year-old white female, was referred to the Boston City Hospital for 
treatment of a metastatic choriocarcinoma which followed an entirely normal first 
pregnancy: Three months after panhysterectomy, chorionic gonadotropin was de- 
tected in the urine, and a small dense area in the posterior portion of the left lower lung 
field was seen on x-ray examination. 

At the time of admission to the hospital, the findings on physical examination were 
not contributory. The thyroid was not enlarged. Using the male Rana pipiens test for 
chorionic gonadotropin, the result was positive with a urine dilution! of 1:2,500. Follow- 
ing studies of the patient’s thyroid function, she was given 25 mg. of methotrexate 
(4-amino-N!°-methyl pterolyglutamic acid) intravenously, and 20 mg. of the drug daily 
thereafter for five days. Four weeks later serum was obtained for measurement of the 


1 Highest dilution tested in the assay. Because of the wide seasonal variation in the 
responsiveness of the male Rana pipiens and the lack of comparisons with standard 
preparations of chorionic gonadotropin, these values are not convertible to interna- 
tional units, and therefore do not have great quantitative significance. However, they 
equalled values found during normal pregnancy of similar duration, in tests run at the 
same time of year. 
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concentration of PBI and for assay of thyroxine-binding by TBG and TBPA. Other 
studies of thyroid function could not be repeated. 


Case 2 


D.P., a 25-year-old white female with a history of one previous normal pregnancy, 
was admitted to the Boston City Hospital for panhysterectomy. Eighteen months 
prior to admission, she had undergone hysterotomy for a hydatidiform mole. Pathologic 
examination revealed slight anaplasia of the trophoblast. Following surgery, the patient 
had normal menses until six months before admission, when amenorrhea developed. A 
diagnosis of intrauterine pregnancy was made. However, two months later, because of 
vaginal bleeding and failure of the uterus to increase in size, dilation and curettage were 
performed. The histologic diagnosis was proliferative endometrium. Subsequently a 
history of hemoptysis was obtained and chest roentgenograms revealed bilateral ‘‘cot- 
ton-wool” lesions. The thyroid was slightly and symmetrically enlarged. The uterus 
was not enlarged. On admission, chorionic gonadotropin was present in the urine in a 
dilution of 1:1,500. After panhysterectomy and removal of choriocarcinomatous tissue, 
results of the A-Z test became negative. The patient was given a course of treatment 
with methotrexate. At the time of readmission six months later the A-Z test yielded 
negative results, and the pulmonary lesions were no longer visible on x-ray examination. 
The earlier studies of thyroid function were repeated. - 


Case 3 


A.B., a 30-year-old white female, was admitted to the Boston Lying-In Hospital 
during her second pregnancy. The patient had appeared to be normally pregnant until 
the sixteenth week, when vaginal bleeding developed. The size of the uterus was con- 
sistent with her dates. Because of persistent bleeding she was admitted during the 
eighteenth week of pregnancy. 

The findings on physical examination were unremarkable, except that no fetal parts 
could be identified. There was no thyromegaly. Results of the Rana pipiens test for 
chorionic gonadotropin were positive in a 1:2,000 dilution of urine. An abdominal 
roentgenogram did not show any fetal skeleton. 

Studies of the patient’s iodine metabolism were performed. After hysterotomy, histo- 
logic examination of the mole revealed degenerating trophoblast with small areas of 
proliferation. On the eighth postoperative day, radioiodine studies were repeated. 


Case 4 


P.G., an 18-year-old white woman, was referred to the Boston Lying-In Hospital 
because of a suspected hydatidiform mole. By the sixth week of pregnancy, edema of 
the ankles and mild hypertension had been noted. Because of rapid increase in uterine 
size, chronic vaginal bleeding and persisting hypertension the patient was referred for 
admission during the sixteenth week of pregnancy. There was no past history of renal 
disease or hypertension, and although 2+ proteinuria was noted, the serum concentra- 
tion of nonprotein nitrogen, and the excretion of phenolsulfonphthalein were normal. 

On admission the patient was a pale, anxious-appearing and hyperkinetic young 
woman with a pulse of 140 and blood pressure of 150/90 mm. Hg. There was peripheral 
and facial edema. The heart was not enlarged. The thyroid was palpable, although of 
normal size; no bruit was heard. The skin was warm and sweaty. No digital tremor was 
noted. Abdominal examination revealed a uterus consistent in size with pregnancy of 
twenty-five weeks’ duration. There were no fetal heart sounds, and no fetal parts could 
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be detected. Laboratory data were not remarkable, except for a hematocrit of 27 per 
cent and 2+ proteinuria. In an abdominal roentgenogram, no fetal skeleton could be 
discerned. Chorionic gonadotropin was detected in a 1:2,500 dilution of urine. 

Studies of thyroid function were completed, and on the sixth hospital day a large 
mole was removed by hysterotomy. Histologically, areas of myometrial invasion by 
trophoblastic elements of the mole were noted. 

Six weeks later, the Aschheim-Zondek test yielded negative results, there was no 
radiologic evidence of metastases, and uterine involution was satisfactory. Studies of 
iodine metabolism were repeated. 


Case & 


M.W., a 23-year-old Negress? was admitted in the fourteenth week of her third 
pregnancy with a four-week history of nausea, vomiting, vaginal bleeding and loss of 
weight. Five years earlier her first pregnancy terminated during the fifth month in the 
spontaneous delivery of a transitional mole. Her second pregnancy, eighteen months 
later, terminated at fifteen weeks in a hysterotomy for a second hydatidiform mole. 
During the latter pregnancy, signs of pre-eclampsia developed and the basal metabolic 
rate was found to be +41 per cent. 

Examination at the time of admission revealed an irritable, nervous, emaciated 
woman with a blood pressure of 140/70 mm. Hg and a pulse rate ranging from 100 to 
140. The uterus was at the level of the umbilicus and appeared consistent in size with 
pregnancy of twenty to twenty-two weeks’ duration. The thyroid gland was palpable 
but not enlarged. A bruit over the gland disappeared after transfusion of 5 units of 
blood. No fetal heart sounds were beard, and an abdominal x-ray film failed to demon- 
strate a fetal skeleton. The BMR was +28 per cent. The concentration of serum PBI 
was 20.5 ug. per 100 ml. prior to transfusion. Concentrations of serum electrolytes and 
-nonprotein nitrogen were normal. The hematocrit on admission was 27 per cent. 

During interruption of this molar pregnancy, both ovaries were found to be markedly 
enlarged by lutein cysts and the size of the left adrenal was twice normal. The right 
adrenal was not visualized. The concentration of serum PBI six days after surgery was 
11.9 ug. per 100 ml. Six weeks later, no chorionic gonadotropin was detected in the 
urine. 


RESULTS 


The data on each patient are presented in Table 1. 


Choriocarcinoma 


Neither of the patients with the diagnosis of choriocarcinoma exhibited 
stigmata of pre-eclampsia, or peripheral estrogenic effects. In both, chori- 
onic gonadotropin activity was demonstrable in the urine immediately 
prior to treatment, and was not detected during the follow-up studies. 

It was not possible to repeat the radioiodine studies in Patient D.E., but 
the initial data revealed increases to the upper limit of the normal range 
for the 24-hour thyroidal uptake of I'*! (47.6 per cent of the administered 
dose), and increases beyond the normal range for the concentration of 


2 It is of interest that this woman had 3 consecutive hydatidiform molar pregnancies, 
the last with a different husband. 
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serum PBI (8.9 ug. per 100 ml.) and for the thyroidal incorporation of I'?7 
(230 and 167 ug. per day). Concentrations of BEI'* were not appreciably 
above normal. Thyroxine-binding capacities of TBG and pre-albumin did 
not deviate significantly from normal values. Four weeks after a course of 
treatment with methotrexate, the concentration of PBI had decreased to a 
value within the normal nonpregnant range (7.0 wg. per cent). 

In Patient D.P., although there were no changes in the 24-hour thyroidal 
uptake of I'*!, the calculated daily thyroidal incorporation of I'?? was 
greater before treatment (110 and 132 yg.) than during subsequent study 
(44 and 54 ug.). The concentrations of PBI’? and BEI", however, were 
unchanged after surgery. The thyroxine-binding capacity of TBG was 
similar to that in the normal nonpregnant subject; however, the binding 
capacity of pre-albumin was reduced below that characteristic of normal 
pregnancy and the normal nonpregnant subject. 


Molar pregnancy 


~Clinically, Patients P.G. and M.W. presented with signs of pre-eclamptic 
toxemia. Patient A.B., on the other hand, exhibited no such stigmata. 
Titers of chorionic gonadotropin were high in all 3 patients and were nega- 
tive at the time of the second studies. Increased values for the 24-hour 
thyroidal uptake of I'*! and the calculated daily incorporation of I'*’ were 
found in both of the patients in whom measurements were made. In one 
-of these, P.G., values equalled those found in thyrotoxicosis. Thus, the 
24-hour thyroidal uptake of I'*' was 82 per cent of the administered dose, 
calculated thyroidal incorporation of I'?? was 2,147 and 3,417 ug. daily, the 
concentration of serum PBI was 13.5 ug. per 100 ml., and the concentra- 
tions of serum BEI!*! were 0.10 per cent of the administered dose per liter 
at both twenty-four and seventy-two hours. Six weeks after interruption of 
the pregnancy, values of these parameters had returned completely to 
normal. As in Patient P.G., the serum concentrations of PBI in Patient 
M.W. far exceeded the values expected during normal pregnancy. Even 
after hysterotomy and transfusion of 5 units of blood, the PBI level had 
decreased from the pretreatment value of 20.5 ug. per 100 ml. only to 11.9 
ug. per 100 ml. Yet, six weeks later, without further treatment, the concen- 
tration of PBI and the 24-hour thyroidal I'*! uptake were normal. 

Changes in thyroidal economy observed in Patient A.B. were less strik- 
ing. The initial concentration of serum PBI was 9.0 ug. per 100 ml. Al- 
though this value was in the hyperthyroid range, it was still within the 
range observed during normal pregnancy (3). The concentration of PBI 
subsequently decreased over an eight-day period to 7.2 ug. per 100 ml. 
Reduction to normal of the accumulation of I'*! and I'”’ also occurred after 
treatment. A small decrease, of questionable significance, was observed 


i 
. 
4 
: 


8 J. T. DOWLING, 8S. H. INGBAR AND N. FREINKEL Volume 20 


in the serum concentrations of BEI" at twenty-four and seventy-two 
hours. 

In contrast to the women with choriocarcinoma, the thyroxine-binding 
capacity of TBG was increased in the serum of all 3 women with hydatidi- 
form mole. The saturation capacity of 150 ug. per 100 ml. noted in Patient 
P.B. exceeded the range of values found during normal pregnancy, whereas 
the saturation capacity of TBPA was greatly diminished. 


DISCUSSION 


Several recent attempts have been made to clarify further the origin and 
significance of the alterations in iodine metabolism characteristic of nor- 
mal pregnancy. It has been found that administration of estrogen to non- 
pregnant subjects induces an increase in TBG and in PBI comparable to 
those observed during normal pregnancy (13, 14). As during the first half 
of pregnancy (15), these changes are unaccompanied by increases in basal 
oxygen consumption (16)—a paradox which could result from an anti- 
metabolic effect of estrogen upon the tissues.(17), altered binding of thy- 
roxine within the circulation (18), or other phenomena. 

Studies performed during administration of estrogen to nonpregnant 
subjects further indicate that the increase in the concentration of circulat- 
ing thyroid hormone results from slowing of the rate of clearance of thy- 
roxine from the circulation, which is of a degree sufficient to preserve 
unchanged the total daily quantity of hormone degraded (16, 19). Con- 
comitantly, no evidence for increased thyroidal function during an estro- 
gen-induced increase in the concentration of serum PBI has been found (20). 
Although a similar response to endogenous estrogen, as yet unproved, could 
account for the altered metabolism of iodine during pregnancy, several 
differences exist between this state and the circumstances of treatment of 
nonpregnant subjects with estrogen. é 

In contrast to the lack of effect of estrogen on thyroidal I'*! accumula- 
tion in nonpregnant subjects, during pregnancy there is evidence for in- 
creased thyroidal avidity for iodide (2). Further, the alterations in metab- 
olism of the pregnant woman are far more complex than those induced in 
the estrogen-treated subject. Thus, the reasons for the augmented thy- 

_roidal avidity for iodine, and the possibility that factors other than in- 
creased endogenous production of estrogen might participate in the changes 
in thyroxine-binding by TBG and the concentration of PBI during preg- 
nancy, have required further exploration. 

Among the several additional factors to be considered are the effects of 
1) altered glucocorticoid metabolism, 2) increased elaboration of thyro- 
tropin-like activity, and 3) elaboration of chorionic gonadotropin. Since 
the thyroidal effects of glucocorticoid in man are inhibitory (21), and 
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thyrotropic activity has not been demonstrable in pregnant hypophysecto- 
mized rats (22), the first two factors appear to be unlikely contributors to 
the changes in the metabolism of iodine during pregnancy. Failure to ob- 
serve an increase in the saturation capacity of TBG in women with chorio- 
carcinoma whose excretion of gonadotropin equalled that of normal 
pregnant women appears to exclude a role for this hormone in the induc- 
tion of changes in the binding protein. 

Parenthetically, this latter finding, and the failure to observe clinical 
signs of estrogenic effects in these women suggest that either the malignant 
trophoblast did not elaborate appreciable quantities of estrogen, or that 
the tropin detected in the urine lacked the capacity to stimulate intensely 
the ovarian or other sources of estrogen—an interpretation consistent with 
the concept that placental gonadotropin is predominantly luteotropic (23). 
The lack of estrogenic effects in these women is further in accord with the 
clinical observations that although men with testicular choriocarcinoma 
may excrete large quantities of both estrogen and gonadotropin (24), high 
gonadotropin excretion is commonly unaccompanied by high estrogen 
excretion in women with placental choriocarcinoma (25, 26). 

From the limited data obtained in the study of the 2 women with chorio- 
carcinoma there is evidence that thyroidal synthesis of hormone may differ 
before and after treatment of the malignant lesion. However, rates of 
turnover of the thyroid hormone, as judged by the concentrations of 
_ BET, were not appreciably increased in either patient. Although the 
metabolism of iodine may have been influenced by the presence of chorio- 
carcinoma, it is equally possible that the post-treatment results were in- 
fluenced by therapy per se, since both patients were restudied following 
surgery and treatment with methotrexate, which is a profound inhibitor of 
folic-acid metabolism. 

According to the present data, women with hydatidiform mole resemble 
normally pregnant women in the development of major alterations in 
thyroidal economy, but the changes appear to be augmented. Thus, one or 
more of the patients demonstrated 1) increased basal oxygen consumption 
beyond that expected during normal pregnancy of similar duration, 2) an 
extreme increase in the serum concentration of PBI beyond values ob- 
served during normal pregnancy, 3) evidence of greatly increased produc- 
tion of thyroid hormone as judged from increased thyroidal accumulation 
of I!?7, and 4) an increase in the rate of turnover of thyroidal organic iodine, 
as shown by an increased concentration of circulating PBI", confirmed to 
be thyronine-I"* on the basis of the parallel increase in the concentration 
of BEI"*!. In Patient P.G., the possibility exists that a part of the marked 
increase in thyroidal accumulation of iodide resulted from an acute reduc- 
tion in the rate of glomerular filtration (27). However, the normal values 
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for the routine measures of renal function make this possibility unlikely. 

In addition to the foregoing alterations in the metabolism of iodine, 
women with advanced hydatidiform mole exhibit cachexia, agitation, hy- 
perkinetic circulatory dynamics, increased diaphoresis and increased skin 
temperature—stigmata which resemble those of Graves’ disease. Theo- 
retically, in the face of persistent stimuli toward increased hormonal syn- 
thesis, loss of those factors characteristic of normal pregnancy which pro- 
tect the maternal organism against increased quantities of circulating 
hormone could induce a state of peripheral thyrotoxicosis. The finding in 
Patient A.B. of reduced thyroxine-binding by pre-albumin, as is also 
found in a variety of sick patients (28), is of interest in this regard. 

In spite of clinical’and laboratory data suggestive of thyrotoxicosis, none 
of the present patients demonstrated significant thyroidal enlargement or 
eye signs of thyrotoxicosis. In only one was there a bruit over the gland, 
and this disappeared after transfusions of blood. Furthermore, by the sole 
expedient of interrupting the pathologic pregnancy, the abnormal clinical 
and laboratory signs reverted to normal. What role, if any, the marked in- 
crease in thyroidal production of hormone may play in the pathogenesis 
of the clinical features of hydatidiform mole must await new knowledge 
of the physiologic significance of the altered thyroidal economy in this 
disease and in normal pregnancy. In view of the rarity of this pathologic 
pregnancy it is hoped that these few data will stimulate others to enlarge 
the pattern of observations whenever opportunities are presented. 
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THE EFFECT OF 2,3-DIMERCAPTOPROPANOL 
(BAL) ON THYROID FUNCTION*f 


JAMES V. CURRENT, A.B.{, IAN B. HALES, M.B., B.S. anp 
BROWN M. DOBYNS, M.D., Pu.D. 


The Department of Surgery, Western Reserve University School of Medicine, and 
Cleveland Metropolitan General Hospital, Cleveland, Ohio 


. ABSTRACT 


During the clinical appraisal of a patient with acute arsenical poisoning, 
the suspicion of Graves’ disease was entertained. An unexpected low thyroidal 
I'3t uptake was observed. Since the patient was receiving BAL (British anti- 
lewisite) and since subsequent tracers confirmed the clinical diagnosis of Graves’ 
disease, an investigation of the effect of BAL on thyroid function was under- 
taken. In a euthyroid male with arsenical poisoning, a similar inhibition of thy- 
roidal I'*! uptake was observed during treatment with BAL. Several series of 
rats (total of 116 experimental and control animals) were given varying doses 
of BAL ranging up to LDso. A block in the thyroidal uptake of radioiodine was 
demonstrated, dependent upon the magnitude of the dose of BAL. By ad- 
ministration of BAL at three-hour intervals, a virtually complete block was 
effected. Removal of the thyroids and quantitative chromatographic separa- 
tion of the iodinated compounds in the glands demonstrated that the radio- 
activity present was almost entirely in the iodide form. 


F THE numerous sulfhydryl-containing antithyroid drugs, the hetero- 
cyclic compounds have been shown to be more active than the straight- 
chain types (1). Clinical observations to be briefly described have indicated 
that one of the latter group, 2,3-dimercaptopropanol, more commonly re- 
ferred to as British anti-lewisite (BAL), possesses considerable anti- 
thyroid. activity. | 

It was a chance observation that drew special attention to this substance. 
A 40-year-old white woman who had ingested an arsenical preparation 
(Paris green) was being treated with a standard preparation of BAL." 
Shortly after BAL therapy had been instituted, a possible diagnosis of 
Graves’ disease was entertained, owing to the presence of a soft, diffusely 
enlarged thyroid, warm moist skin, a fine tremor of the outstretched 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 

+ Aided by grants-in-aid from the American Cancer Society and the Atomic Energy 
Commission. 

t Work carried out in partial fulfillment of the requirements for the M.D. degree, 
School of Medicine, Western Reserve University. 

1 BAL 10% and benzyl] benzoate 20% in peanut oil (100 mg./ml.), Hynson, Westcott 
& Dunning, Inc.—the only preparation of BAL available for study. 
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fingers, tachycardia, and a staring facial expression. In view of these 
clinical findings, a high uptake of radioiodine by the thyroid was antic- 
ipated. Contrary to expectations, a tracer dose of I'* given on the fourth 
day of BAL therapy (2.6 mg. of BAL per Kg. of body weight intramuscu- 
larly every six hours) resulted in a thyroidal I'* uptake of only 35 per cent 
in twenty-four hours. A reason for this discrepancy was sought. 

The administration of BAL was continued for ten days, the frequency 
of administration being reduced to a single daily injection during the last 
three days of therapy. A second tracer dose of I'*! given eight hours after 
the last injection of BAL (2.6 mg. per Kg.) resulted in an uptake of 64 
per cent in twenty-four hours. One month following the initial arsenical 
poisoning, the I'*' uptake was 69 per cent, and the serum protein-bound 
iodine (PBI) level was 5.6 ug. per 100 ml. It was suspected that either 
BAL or arsenic? accounted for the inhibition of I'* uptake. Experiments in 
animals were carried out to test these substances. 

Subsequent to the following animal experiments, another patient with 
acute arsenical poisoning (sodium arsenite) was admitted to the hospital. 
Although this 26-year-old white male was not considered to have an ab- 
normal thyroid, a tracer dose of I'*! was given three hours after the first 
dose of BAL,’ for comparison with another radioiodine study after com- 
pletion of the BAL therapy. The initial I'** uptake was only 15 per cent 
in nineteen hours. Twenty-four hours following the discontinuation of 
BAL, the I'*! uptake was 29 per cent in nineteen hours. This suggested 
that an antithyroid substance may also have been operative in this patient. 


METHODS 


A total of 116 white rats of the Sprague-Dawley strain, each weighing approximately 
250 grams, were used. In order to insure a satisfactory uptake of radioiodine (I'') by 
the thyroids of these animals, a diet containing an adequate, but not excessive, amount 
of iodine (.004 to .007 mg. of iodine per gram of food) was used for a. week or more 
prior to the beginning of the experiments. In all of the later studies, the animals were 
pretreated with thiouracil (0.1 per cent in drinking water) for four days prior to the 
experiments in order to enhance the uptake of radioiodine by the thyroid. The thiouracil 
was discontinued twenty-four hours before the study was begun. 

The same preparation of BAL which had been used in the ¢linical subjects was used 
in these experiments. It was usually administered subcutaneously at three-hour in- 
tervals. The LDs5o for BAL, as previously reported (2), was 105 mg. per Kg. of body 
weight when administered intramuscularly. Preliminary experiments indicated that this 


* During the first twenty-four hours following ingestion of the arsenic, 7.4 mg. was 
excreted; in the second twenty-four hours, 4.9 mg.; and in the third twenty-four 
hours, 4.4 mg. 

’ Doses of 4.9 mg. and 2.5 mg. of BAL per Kg. of body weight were given three 
hours and one hour respectively before the '*! was given. The smaller dose was repeated 
at four-hour intervals but was discontinued eight hours before the radioactivity in the 
thyroid was counted. 
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value held for subcutaneous administration as well. Control experiments using only 
the vehicle for BAL—benzy] benzoate, 20 per cent in peanut oil—produced no observ- 
able effect. 

The experiments to be described were designed to explore the blocking effect of 
BAL on the uptake of radioiodine by the thyroid. The magnitude of the effective dose 
and the promptness, duration and nature of the action were considered. A tracer dose 
of I'*! (5, 8 or 10 microcuries) was injected intraperitoneally one hour after BAL had 
heen given. A shielded scintillation counter with a small aperture to permit counting 
over the area of the thyroid was used at frequent intervals to follow the in vivo accumu- 
lation of I, When the animals were sacrificed, the thyroids were carefully dissected 
from the carcasses and their I'*! content measured. In some experiments, the excised 
thyroids were subjected to hydrolysis at 100° C. in individual sealed tubes to which 
had been added 1 ml. of 4 N sodium hydroxide and a crystal of sodium thiosulphate. 
The digest was extracted and chromatographed, using a single dimension butanol: di- 
oxane:ammonia solvent system as previously described (3). 


RESULTS 


The results confirmed the clinical observations that BAL interfered with 
the normal accumulation of iodine by the thyroid. In experiments in which 
I'3! was given one hour after the administration of BAL, the thyroidal up- 
take of this isotope was impaired. Figure 1 shows curves representing the 
accumulation of I'*! in a group of 4 control animals and 4 animals which 
had been given injections of 75 mg. of BAL per Kg. of body weight at 
three-hour intervals. The block to the uptake of I'*' was effectively main- 
. tained throughout the experiment, yet the animals showed little evidence 
of toxicity. 

In order to test the duration of the block produced by this amount of 
BAL, a single dose was given and the results were observed over a period 
of nine hours. As shown in the experiment illustrated in Figure 2a, the 
block was effectively maintained for nearly five hours. Thereafter the 
uptake proceeded at approximately the same rate as in the control animals. 
(Compare Figure 2a with Figure 1, showing the result of the same dose of 
BAL repeated at three-hour intervals.) 

In Figure 26, another group of rats given injections of 75 mg. of BAL per 
Kg. of body weight are compared with controls. A rise in the thyroidal 
uptake of I'*' by the BAL animals was first noticed between three and 
four hours after the injection of BAL. Although the uptake of I'*! had 
begun, an additional dose of BAL immediately arrested any further rise in 
the curve. 

Experiments were performed using doses of 25, 50, 75 and 100 mg. of 
BAL per Kg. of body weight, to demonstrate the primary effectiveness of 
the block and to ascertain the duration of the effect. Although consider- 
able individual variation in the initial effectiveness and duration of the 
block was observed, an effective block could be demonstrated in all ani- 
mals receiving 50 mg. of BAL per Kg. of body weight or more. In Figure 3 
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it may be seen that the responses of the animals were relatively uniform. 
In this experiment, one group of animals received 25 mg. of BAL per Kg. 
of body weight and another, 75 mg. per Kg. The difference in effect be- 
tween these two doses is clearly demonstrated in Figure 3. 

The dose of 25 mg. of BAL per Kg. of body weight was in no case suffi- 
cient to produce a block that would distinguish the I'* uptake of this 
group from that of the controls. However, this dose presumably had a 
subminimal effect, since a second dose of 25 mg. of BAL per Kg. (super- 
imposed three hours after the first) produced a block in all animals, even 
though it was of relatively short duration. The thyroidal accumulation of 
I'! was resumed at the same rate as in the control group in approximately 
two hours. These experiments indicate that BAL has a rather short period 
of action, the duration of the block being related to the size of the dose. 
When the period of effective block begins to wane, the thyroidal uptake of 
radioiodine follows the course of uptake observed in the controls. If BAL 
is again administered, further uptake of radioiodine is arrested within a 
few minutes. 
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Fig. 1. The accumulation of ['*' by the thyroid in rats receiving 75 mg. of BAL/Kg. 
of body weight every three hours, as compared with controls. 

The I'*! determinations on the extreme right were carried out on the excised gland 
following the sacrifice of the animal. The accompanying numbers identify the animals 
for comparison with the in vivo uptake to the left. 
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Fig. 2. a. The accumulation of I'*! by the thyroid in rats receving a single injection 
of 75 mg. of BAL/Kg. of body weight, as compared with controls. In this group the 
uptake of I'*! by the thyroid began shortly after five hours following the injection of 
BAL. The rate of accumulation after that time resembled that in the controls. 

b. The accumulation of I'*' by the thyroid in rats receiving 75 mg. of BAL/Kg. of 
body weight as compared with controls. A second dose of 75 mg. per Kg. was given 
four and a quarter hours after the first. This caused prompt interruption of the accumu- 
lation which had begun as the effect of the first dose was diminishing. 
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Fig. 3. I! uptake, showing the effect of varying doses of BAL. 

A dose of 75 mg. of BAL/Kg. of body weight produced a block, whereas a dose of 
25 mg. per Kg. did not. The administration of a second dose of 25 mg. per Kg. three 
hours later augmented the first, and thus produced a block of short duration. 
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TABLE 1. THE RESULTS OF CHROMATOGRAMS PREPARED FROM 
RAT THYROIDS UNDER THE INFLUENCE OF BAL. 


(The uptake of I'*! by the thyroids described here can be seen in Figure 2b.) 


Mono- | Diiodo- | Triido- Total 
Group Rat iodoty- | tyro- thyro- Thy ~ | organic | Iodide 
No. rosine sine nine | iodine 
1 14 19 0 1 34 66 
2 21 27 1 51 49 
Controls 3 26 28 3 14 71 29 
4 36 17 3 6 62 38 
5 30 1 0 0 31 69 
‘BAL 6 10 s 1 3 22 78 
75 mg./Kg. 7 20 9 1 4 34 66 
8 8 vf 4 5 24 76 


The quantitative chromatograms prepared from the digests of the 
thyroid glands revealed that radioactivity in the thyroids which had been 
under the influence of large doses of BAL was predominantly in the form 
of free iodide. In contrast, in the control animals there was much more 
thyroidal radioactivity, and the chromatograms contained relatively large 
amounts of I'*! in the organic forms. Table 1 shows the relative percent- 
ages of radioactivity in iodide and organic forms in the two groups of rats. 
Representative chromatograms of the thyroid-digest of ‘an animal that had 
received BAL and of a control animal are shown in Figure 4. 

Experiments to test the effect of acute doses of arsenic (2.5, 5.0 and 10.0 
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Fig. 4. Chromatograms of digest of the 
thyroids of a control rat and a rat which 
had received 75 mg. of BAL/Kg. of body 
weight. 

MIT=monoiodotyrosine; DIT =diio- 
dotyrosine; T,=thyroxine; T;=triiodo- 
thyronine; I =iodide. 
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mg. of arsenic trioxide per Kg. of body weight) in rats were carried out in 
a manner similar to that described for BAL. Only occasionally was there 
impairment of the thyroidal uptake of I'**. When some inhibition did 
occur, there was no correlation between the dose of arsenic and the wide 
range of I'*! uptake observed. 


DISCUSSION 


When these experiments were initiated, it was felt that either BAL or 
arsenic interfered with the incorporation of I'*! into the thyroid. It had 
been suggested by Scott (4) that arsenic may act as a goitrogen, on the 
grounds that goiter was found to be prevalent in geographical areas rich 
in arsenic. Proof of this relationship was sought in experiments reported 
by Sharpless and Metzger (5). They found that when arsenic pentoxide 
was added to the basal diet for several weeks in quantities of 20 mg. per 
100 Gm. of food, there was a significant decrease in the iodine content of 
the thyroid and an increase in the weight of the gland. Smaller doses, of 
the order of 5 mg. per 100 Gm. of food, failed to produce such changes. 

Forster and Muscholl (6), while studying the effect of BAL on the hyper- 
plasia of the thyroid produced by methylthiouracil, found that BAL did 
not affect the metabolism of rats when given in doses of 30 mg. per Kg. of 
body weight (frequency of dose not recorded). In control studies in which 
they described the administration of BAL alone, the thyroid showed 
_ marked histologic evidence of activation without an increase in the weight 
of the gland. In further experiments on rats to test the influence of BAL 
and: methionine on the effect of iodine on the thyroid, Forster et al. (7) 
recorded evidence which suggests that BAL given alone inhibits the func- 
tion of the gland. For example, in the animals receiving BAL there was a 
marked gain in body weight, and the metabolism, as measured by oxygen 
consumption, was below that in the normal rats. Furthermore, histologic 
study of the anterior pituitary revealed changes which resembled those 
produced by thyroidectomy. 

The demonstrated antithyroid effect of BAL prompted an inquiry into 
the chemical similarity of this substance to other known goitrogens. The 
most potent antithyroid substances fall into two categories, viz, thiourea 
and related substances, and derivatives of aniline (1). Although BAL does 
not possess a double-bonded sulfur radical on a carbon adjacent to a 
nitrogen atom, an arrangement which is prominent in the more active 
antithyroid drugs, the presence of two sulfhydryl groups probably accounts 
for the goitrogenic properties of this substance. 

It is difficult to determine from these experiments whether the action 
of BAL represents a competitive substance or a blocking effect on enzyme, 
as with thiocarbamides. Chromatography performed on thyroids which 
were apparently completely blocked with BAL at the time of the last in vivo 


4 
ae 
Be. 
4 
4 


20 J. V. CURRENT, I. B. HALES AND B. M. DOBYNS Volume 20 


observation revealed the presence of some iodinated organic compounds. 
It is unlikely that the thyroidal uptake of I'*! and organic binding of it 
occurred between the last in vivo measurement and the time of sacrifice of 
the animal, because the last dose of BAL was so arranged as to cover this 
interval of time. It is possible that some synthesis may have occurred after 
the gland was excised and before hydrolysis was accomplished. Enzyme 
systems involved in the organic binding of iodine may have survived longer 
than BAL in the excised tissue and may have converted some trapped 
iodide to the organic forms. The synthesis of organic iodinated compounds 
was inhibited during hydrolysis by the addition of sodium thiosulfate, which 
in previous control experiments (8) has been shown to block any further 
formation of iodinated organic compounds during the process of hydrolysis 
and subsequent chromatography. 

In the studies described here, BAL was effective in blocking the uptake 
of I'*' by the thyroid in both man and rats. It is well known that some 
substances which are highly potent antithyroid drugs in man are of low 
potency in rats, and vice versa (9). Since this wide species variation in the 
response to antithyroid drugs does exist, it is not surprising that the effec- 
tive dose of BAL in the rat was 10 to 20 times that in man in these studies. 
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ABSTRACT 


Distribution of protein and I in centrifugally fractionated thyroid homog- 
enates, and the electrophoretic, solubility and ultracentrifuge characteristics 
of the soluble fraction were studied in normal and diseased human thyroid 
glands. In the normal glands, 64-82 per cent of the protein and 95 per cent of 
the I!*!-label appeared in the soluble fraction. Thyroglobulin comprised 70-79 
per cent of the soluble protein. Normal thyroglobulin had a Svedberg con- 
stant (0.5 per cent solution in 0.9 per cent NaCl) of 18-20, and salted out of 
phosphate buffer at 1.7-1.9 M. No protein with greater mobility than thyro- 
globulin was detected on paper electrophoresis in barbital buffer. In all dis- 
eased glands, an increased proportion of light-weight (Sy,20=4) protein was ob- 
served, and the thyroglobulin usually had greater solubility in phosphate buffer. 
In the soluble fraction of some colloid goiters, 1 follicular adenoma, 3 congenital 
goiters and 1 thyroid carcinoma, a protein as yet indistinguishable from albu- 
min was detected. An abnormal iodinated soluble protein was detected in 1 
congenital goiter, in which gland thyroglobulin was absent. Colloid goiters 
were associated with an increased proportion of soluble protein and I'*!, whereas 
congenital goiter and carcinoma were associated with an increased proportion 
of particulate protein and I'. The alterations observed are apparently due to 
1) an accumulation of albumin-like protein in colloid goiters, some follicular 
adenomas and some congenital goiters, and 2) a deficient production of thyro- 
globulin in some congenital goiters and in thyroid carcinoma. It is suggested 
that abnormalities in the metabolism of proteins other than thyroglobulin 
could play a role in the production of nodular colloid goiter. 


NFORMATION on the proteins of the thyroid gland in health and 

disease has gradually accumulated in recent years. The protein of prin- 
cipal interest, thyroglobulin, has been characterized as a glycoprotein (1) 
of molecular weight 650,000 (2), with a sedimentation constant of S,, 
20= 19 (3). The iodine content (4), ratio of iodotyrosines to iodothyronines 
(5), ratio of monoiodotyrosine (MIT) to diiodotyrosine (DIT) (6), solu- 
bility in salt solutions (7), electrophoretic mobility (8) and perhaps anti- 
genic characteristics (9) are variable. 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 


lilinois, April 30-May 2, 1959. 
+ Supported in part by U. 8. Public Health Service Grant A-1880. ai 
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Other iodinated proteins, presumably of thyroidal origin and smaller 
molecular size, have been detected in the serum of patients with thyroid 
carcinoma (10), hyperthyroidism (11, 12), and congenital goiter (13, 14). 
More recently, similar iodinated proteins apparently distinct from thyro- 
globulin were found in normal human thyroids (15), adenomas, nodular 
goiters (15) and congenital goiter (16), as well as in rat thyroid tumors (17) 
and normal sheep thyroid glands (15). An abnormal attachment of protein 
to animal and human thyroid subcellular particles has also been inferred 
(15). Lastly, an iodinated protein distinct from thyroglobulin has been 
solubilized from its attachment to sheep or human thyroid mitochondria 
and microsomes by the action of desoxycholate (18). No evidence has been 
presented that any of these proteins is a precursor or degradation product 
of thyroglobulin. 

The present project was undertaken.as an extension of studies of an 
abnormal iodinated protein detected in the serum and thyroid of certain 
patients with congenital goiter (13). It seemed possible that defective 
synthesis or degradation of thyroglobulin might play a primary role in the 
pathogenesis of some of the thyroid disease states, rather than defective 
iodide metabolism per se. Accordingly, an attempt was made to charac- 
terize the iodinated and noniodinated proteins of the thyroid gland. Con- 
currently, data were accumulated on the distribution of I'*' and protein 
among the subcellular fractions of the gland, since it seemed possible that 
defective synthesis of thyroglobulin might be reflected by an accumulation 
of normal iodinated protein in one of these fractions. - 

Some of the data on congenital goiters and normal tissue have been pre- 
sented in detail elsewhere (16) but are included here for comparison. 


METHODS 


Specimens of human thyroid tissue which were labeled by admjnistration of I'* 
twenty-four to two hundred hours previously, were obtained at thyroidectomy or open 
biopsy and immediately cooled to 4° C. Representative portions free of cysts or hemor- 
rhage were excised, rinsed with saline, and homogenized with four times their weight 
of .14 M sodium chloride or 0.25 M sucrose. Aliquots of homogenate were spun in an 
International refrigerated centrifuge (Model PR 2) at 700 times gravity (Xg) for ten 
minutes at 0° C. The supernatant was removed. The resuspended sediment was centri- 
fuged again at 700 Xg for ten minutes. This process was repeated again, and the final 
sediment was made up to 50 per cent of the original volume. The combined supernatant 
fractions were centrifuged at 8500 Xg for twenty minutes at 0° C. in the angle high- 
speed head of the centrifuge and washed once under the same conditions. The sediment 
was made up to 50 per cent of the original volume. The combined 8500 Xg supernatant 
fraction was spun at 105,000 Xg for one hour at 0° C. in the Spinco preparative ultra- 
centrifuge using the No. 40 rotor. After centrifugation the supernatant fluid was re- 
moved by a pipette, and the tube was rinsed by carefully adding 3 ml. of fluid, twirling 
the tube, and pouring off the rinse fluid, which was discarded. The sediment was made 
up to 50 per cent of the original volume. 
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Samples homogenized in .14 M sodium chloride were carried through the entire 
procedure using sodium chloride, or else were homogenized and carried through using 
.25 M sucrose. Preparations made in .14 M sodium chloride had more of a tendency to 
clump than those prepared in 0.25 M sucrose. The 700Xg and 8500 Xg sediments 
probably would be more heavily contaminated with lighter weight particles in prepara- 
tions using saline. Quarter molar sucrose was used rather than an isosmotic solution, 
since this concentration is widely employed to achieve maximum oxidative phosphoryla- 
tion rates in homogenate fractions. Calcium was not added. 

In one instance, thyroid gland slices were labeled in vitro by incubation in Krebs 
Ringer phosphate buffer with I! for two hours at 37° C. The slices were rinsed after 
incubation, and then treated as were in vivo labeled specimens. 

The 700 Xg precipitate was microscopically a mixture of nuclei and cell debris. The 
8500 Xg fraction appeared microscopically to be made up of uniformly granular ma- 
terial and rare nuclei, but was considered to be a mixture of mitochondria and micro- 
somes. The 105,000 Xg sediment was thought to represent microsomes. The 105,000 Xg 
supernatant was similar to a saline or sucrose extract of the gland and contained the 
soluble proteins. 

The supernatant fraction was studied by electrophoresis on Whatman No. 1 paper at 
70 volts, 5 amperes, for fourteen hours in pH 8.6 barbital-citrate .1 M buffer, by salting 
out in pH 6.8 phosphate buffer, by ultracentrifugation in the Spinco ultracentrifuge, and 
by immunologic techniques. For salting out of thyroidal proteins, a modification of 
the method of Robbins (19) was followed. One-tenth ml. of thyroid supernatant was 
added to 2 ml. of a mixture of distilled water and 3.5 M pH 6.8 phosphate buffer (in 
varying proportions) to yield a final concentration of .85-3.34 M phosphate. After 
forty hours at 4° C., the samples were shaken with ether, and spun at 700 Xg for ten 
minutes. Aliquots of the water layer were removed for determination of I!*! and protein 

_ content. Results by this method gave a salting-out point for normal thyroglobulin of 
1.7-1.9 M, which is somewhat higher than that reported by Robbins. This probably 
was an effect of salting out at 4° C., rather than 20°. It was observed that when speci- 
mens were incubated at 20° C. for ‘twenty-four hours, samples in the most critical 
zone (1.7-2.0 M) remained cloudy after ether flocculation and centrifugation. This 
cloudiness presumably represented denatured but uncoagulated thyroglobulin, and its 
presence would tend to increase the apparent solubility of the thyroglobulin. This 
phenomenon was less apparent when samples were “incubated” and centrifuged at 4° C. 

In some instances aliquots of the homogenate and each fraction were taken for I'* 
determination by counting in a well scintillation crystal, and for protein determination 
(20). 

Five normal thyroid specimens, 6 colloid goiters, 4 adenomas, 4 congenital goiters, 
and 1 carcinoma were studied. Two discrete and morphologically distinct adenomas, 

and normal tissue, were taken from one specimen. Noncancerous tissue in the carci- 

noma specimen was also studied separately, and the data are included for comparison. 

The term colloid goiter as used in this presentation refers to the entity known variously 

as “sporadic colloid goiter,’ ‘‘nontoxic nodular goiter” or ‘“‘adenomatous goiter.” 


RESULTS 


I. Electrophoresis (Table 1, Fig. 1) 


After electrophoresis of the normal thyroid tissue supernatant fraction, 
the major protein band appeared in an area analogous to that of serum 


2 
By 
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TABLE 1. PAPER ELECTROPHORESIS OF THYROID-HOMOGENATE SOLUBLE FRACTION 


Volume 20 


Category 


Patient 


Protein component 


Prethyro- 
globulin 


Thyro- 
globulin 


Beta-Gamma 
zone 


Normal 


Rot 


present 
present 
present 


present 
present 
present 


Colloid goiter 


Whi 
DeG 
Gav 
Bet 
Sir 
Qua 


present 
present 


present 
present 
present 
present 
present 
present 


present 
present 
present 
present 
present 
present 


Adenoma, 
follicular 


fetal 


Pec 
Wal 
Rot 
Rot 


present 


present 
present 
present 
present 


present 
present 
present 
present 


Congenital Cob present _— present 

goiter For present present present 

Chi present present present 

Cle — present present 

Thyroid Val present present present 
carcinoma 

Non-cancerous Val — present present 


tissue 


a;-a2 globulins, as has been reported by others (21). A second more diffuse 
zone (‘‘B-y band’’) occupied the area of serum 8+7 globulin. In the nor- 
mal gland, 90-95 per cent of the I'*! was in the thyroglobulin zone. 

In 2 of 6 specimens from colloid goiters, a distinct pre-thyroglobulin 
protein band was observed, but no I'*' was associated with this zone. A 
similar band appeared in the preparations from 1 follicular adenoma, 3 of 4 
cases of congenital goiter, and in 1 thyroid carcinoma. In only 1 instance, a 
case of congenital goiter in which thyroglobulin was absent, did the pre- 
thyroglobulin zone contain I'*!. Within the limits of paper electrophoretic 
techniques, all of the thyroglobulins had the same mobility. Glycoproteins 
were detected by staining reactions only in the thyroglobulin zone. 


Sch 
Zaz 

| | | 
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II. Salting out of supernatant (Table 2, Fig. 2) 


The I'*!-labeled soluble protein of normal glands salted out of solution 
sharply between 1.7 and 1.9 M phosphate buffer. A portion of the iodinated 
protein remained soluble at 2 M (5-17 per cent), and less at 3 M (2-12 
per cent). 

In the diseased glands the major I'*!-containing component became in- 
soluble at higher phosphate concentrations, except in the case of 1 follicular 


_BLECTROPHORESIS PATTERNS OF NORMAL AND DISEASED THYROID TISSUE PROTEINS 


Fig. 1. Electrophoresis patterns of normal serum and of human thyroid gland soluble 
protein, in barbital citrate pH 8.6 buffer. 1. Serum control for 2 and 3. 2. Colloid 
goiter. 3. Colloid goiter, demonstrating the pre-thyroglobulin noniodinated compo- 
nent. 4. Normal serum control for 5 and 6. 5. Normal thyroid proteins after 12-hour 
run. 6. Follicular adenoma. 7. Normal thyroid proteins after 7-hour run. 8. Con- 
genital goiter, demonstrating absence of thyroglobulin and presence of an iodinated 
prethyroglobulin band. 9. Serum control for 10. 10. Congenital goiter, demonstrating 
a striking pre-thyroglobulin component. 


CONGENITAL GOITER 
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adenoma, and 1 gland classified tentatively as congenital goiter. In some 
instances no appreciable precipitation occurred until 2 M concentration 
was reached. There was also a tendency for salting out to occur in a less 
sharply defined zone over the range of 1.8-2.3 M buffer. 


TABLE 2. SALTING OUT OF in vivo-LABELED THYROGLOBULINS IN 
PH 6.8 PHOSPHATE BUFFER 


Volume 20 


Category 


Patient 


Z f 
Method of 


% I}! soluble 


precipitation, 


molarity determination 


at 2M 


at 3M 


Normal 


Sch 
Soe 
Rot 


RAI & Protein 
RAI 
RAI & Protein 


Colloid goiter 


Whi 
DeG 
Gav 
Bet 


Qua 


1.7-2.0 RAI 16 
2.0-2.3 RAI 62 
1.7-2.0 _ Protein 
1.8-2.6 Protein 
1.75-2.3 RAI 37 


Adenoma, follicular 


Adenoma, fetal 


Wal 
Rot 
Rot 


.8-2.2 Protein 
1.7-1.83 RAI & Protein 12 
1.7-2.0 RAI 10 


Congenital goiter 


Cob 
For 
Chi 
Cle 


1.4-2.5 RAI & Protein 79 
2.0-2.2 RAI 81 
1.8-2.6 Protein 

1.7-1.9 RAI 


Thyroid carcinoma 
Noncancerous tissue 


Val 
Val 


RAI 64 
RAI 


III. Ultracentrifugation of supernatant fraction in .14 M sodium chloride 


Three distinct peaks were visible after ultracentrifugation in each nor- 
mal supernatant fraction. The designations employed are taken from the 
study of Shulman e¢ al. on pig thyroid extracts (22). Half per cent protein 
solutions were routinely examined. In some instances multiple concen- 
trations were studied in order that the sedimentation constant could be 
obtained by extrapolation to zero concentration. Peak I, S,.2=28, con- 
tained 3-7 per cent of protein; Peak II, 8, 2.=19, contained 70-79 per cent 
of protein; and Peak V, S,20=4.2, contained 12-24 per cent of protein. In 
1 specimen a small peak with S,,20.=12, containing 4 per cent of protein 


— 
1.8-1.9 17 12 
1.7-1.9 
1.7-1.83 | 5 2 
2 
|| 3 
6 
0 
3 
11 
1 
1.€-3.0 5 
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(possibly Peak III of Shulman) was detected. Peak II is thyroglobulin. 
Peaks I and V have not been characterized, except that albumin and hemo- 
globin may appear in Peak V (22). Peak IV of Shulman, which was a 
minor component in the porcine gland, was either absent or too small to 
be detected in this study (Table 3, Fig. 3). 

In the patterns for abnormal tissues, the mobility of the Svedberg 
peaks was essentially the same as for the normal gland. The variation ob- 
served was attributed to unavoidable error in the technique, and the effect 
of varying proportions of protein components on their respective mo- 


100 


oF 


90 


SALTING OUT ‘OF 
IN VIVO LABELLED 
THYROGLOBULIN IN 
pH 6.8 PHOSPHATE 
BUFFER. 


sor 


70r 


Fig. 2. Representative  salting-out 
curves for 3 thyroid homogenate super- 
natant fractions in phosphate buffer. 


40F 


DeG-COLLOID GOITER 


30r 


PERCENT PBI'?! REMAINING IN SOLUTION 


ROT. 
NORMAL’ 


x FOR- CONGENITAL 
TEX, GOITER 
x 
° 


0.5 10. 6.8 2.0 25 3.0 3.5 4.0 
MOLARITY OF PHOSPHATE BUFFER 


bilities. The proportion of protein in each component varied markedly, 
with a tendency towards an increased proportion of Peak V, and a de- 
creased proportion of Peak II (thyroglobulin). In the patterns for 4 colloid 
goiters Peak I was 2-7 per cent of protein, Peak II 56-74 per cent, and 
Peak V 23-42 per cent. Peak V was increased for 1 follicular adenoma and 
1 fetal adenoma. In 4 cases of congenital goiter the proportion of Peak V 
was greatly increased, being 80 per cent of total protein in one instance, 
and 100 per cent in another. A similar distribution obtained for 1 thyroid 
carcinoma. 

By use of the ultracentrifuge data, it was possible to determine the 
quality of thyroglobulin and S,,,2o=4 proteins present per gram of thyroid 
tissue. It should be noted that the Sy,2..=4 protein in Table 4 includes 
the normal 6+y and, if present, the abnormal pre-thyroglobulin band 
visualized by paper electrophoresis. 


. 
° 
\ 
1 
1 
° 
' 
' 
20 
\ 
3 
4 
— 
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TABLE 3. ULTRACENTRIFUGE ANALYSIS OF SUPERNATANT FRACTION PROTEINS: 
OBSERVED Sw,20 CONSTANTS AND PER CENT DISTRIBUTION OF TOTAL 
PROTEIN IN EACH COMPONENT 


: Sved-| % |Sved-| % |Sved-| % | Sved-|] % 
Category Patient berg of berg | of berg | of berg of 


Normal Sch 28 6 19 70 = — 4.1 24 
Soe 29 6 20 77 — — 4.3 17 
Rot 27 7 18 77 12 4 4.6 12 
But 3 4.3 


Colloid goiter Whi 5 4.2 
DeG 27 2 18 56 — a= 4.3 42 
Gav 27 7 19 63 — — 4.3 28 
Bet 3 4.8 


Wal 


Adenoma, 
follicular Rot 25 6 18 : 
Adenoma, fetal Rot 27 6 18 67 —_ — 4.5 27 


or 
rs 
bo 
| 
w 


Congenital Cob 4.1 
goiter For 20 51 4.5 49 
Chi 19 20 — 4.4 80 

4.3 


Cle 


carcinoma 
Noncancerous Val 30 3 19 60 a 4.3 37 


tissue 


IV. Fractionation of thyroidal homogenate protein 


In homogenates of 2 normal glands, 12-20 per cent of the total protein 
appeared in the nuclear fraction, 1.4-7.2 per cent in the mitochondrial frac- 
tion, 6.7-8.5 per cent in the microsomal fraction, and 64-82 per cent in the 
supernatant. This was similar to the results of fractionation of normal 
sheep tissue (nuclear fraction =7.2 per cent, mitochondrial =4.6 per cent, 
microsomal=7 per cent, supernatant =78 per cent). In the homogenate 
of 1 colloid goiter, 11 per cent of the protein was in the particulate fraction, 
and 89 per cent in the soluble portion. In the follicular adenomas, distri- 
bution was similar to that in the normal gland, but in the fetal adenoma a 
large proportion of the protein was in the particulate fraction. In the 


28 
I II Ill 
ies con- | pro- | con- | pro- | con- | pro- con- | pro- 
stant | tein | stant | tein | stant | tein | stant | tein 
| | 
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homogenates of 2 congenital goiters there was an increase in proportion of 
particulate protein, associated in one instance with a marked decrease in 
thyroglobulin content. The findings were similar in the thyroid carcinoma. 


V. Fractionation of thyroidal homogenate I'*! 


In the normal gland (2 cases), 0.7-3.9 per cent of the protein appeared 
in the nuclear fraction, 0.1-1.2 per cent in the mitochondrial, 0.7—1.7 per 
cent in the microsomal, and 95 per cent in the supernatant. In colloid 


Normal-But-,. 5% &. Colloid Goiter-DeG-. 5% Follicular Adenoma-Wal-,5% 


b, Congenital Goiter-Cob-.2% Foetal Adenoma-Rot-, 5¢ Normal-Val-. 
Normal-Rot-. 


Fig. 3. Ultracentrifuge pattern of thyroid homogenate supernatant fraction proteins 
in .14 M NaCl. Direction of migration is to right. Duration of spin, approximately 55 
minutes. All specimens, 0.5 per cent protein unless otherwise noted. A, upper—normal 
pattern showing components I, II (major peak, thyroglobulin) and V. A, lower— 
normal pattern. B, upper—colloid goiter showing increased proportion of component 
V. B, lower—same specimen in 1 per cent solution. C, upper—follicular adenoma 
with some increase in component V. C, lower—colloid goiter with moderate increase 
in component V. D—congenital goiter with only component V visible. E, upper— 
fetal adenoma with some increase in component V in comparison to normal specimen 
below. F, lower—thyroid tumor with no peak I, decrease in II, and increase in V, 
compared to noncancerous tissue from the same gland in F, upper. 
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TABLE 4. SOLUBLE PROTEIN OF THYROID TISSUE 
(mg. protein per Gm. tissue (wet weight)) 
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Volume 20 


Category 


Patient 


Thyroglobulin 


Sw.20 =4 
component 


Normal 


62 
102 
79 


Soe 
Rot 
But 


13 
16 
18 


Gav 


Colloid goiter Whi 96 26 
DeG 50 38 
51 23 


Adenoma, 
follicular 
fetal 


Rot 


Congenital goiter 


For 


Thyroid carcinoma 
Noncancerous tissue 


TABLE 5. DISTRIBUTION OF TOTAL HOMOGENATE I['*! AND PROTEIN IN CELL FRACTIONS 


Category 


Protein content, 
(% in fraction) 


RAI content 


“(% in fraction) 


Patient 
8,500 | 105 ,000 


XE 


8,500 


105 ,000 


Colloid goiter 


Adenoma, follicular 
Adenoma, fetal 


Congenital goiter 


Thyroid carcinoma 
Noncancerous tissue 


30 
Rot 84 33 
Chi 11 42 
Cle 90 26 
Val 32 20 . 
Super-| 700 | Super- 
| nat. Xg x nat. 
ou Normal Sch 0.7| 1.2] 0.7 | 95.0 
Rot | 12.1] 1.4] 6.3 | 81.5| 3.9] 0.1 1.7 | 94.5 
Sev | 20.0] 7.2] 8.5 | 64.3 
TY Sir $34 32 4.2 | 88.8] 0.6] 0.6 2.0 | 96.8 
Rot | 11.6] 2.3] 6.4 | 79.5| 3.6] 0.1| 1.9 | 94.2 
Rot | 18.2] 4.0 7.0 |.71.2| 2.4] 0.3 1.3 | 96.5 
Cob 15.0] 8.0 5.0 | 72.0 
For 0.3| 0.01) 0.05 | 99.6 
Chi ( | 46.0 ) 54.0| ( | 10.3 ) 89.7 
Cle | 17.5] 10.0] 5.5 | 62.2] 3.2] 1.0] 2.3 | 93.5 
P| Val | 45.0! 1.5 1.8 | 51.0| 14.0] 0.7] 10.0 | 75.0 
Val 8.3| 12.8! 15.0 | 64.0| 5.5] 1.9 1.3 | 91.0 
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goiter there was a greater proportion in the soluble fraction. I'*' distribu- 
tion in the adenomas was similar to that in the normal glands. In 2 con- 
genital goiters and 1 thyroid carcinoma, the particulate I'*! was increased. 


VI. Immunologic studies 


All specimens reacted with rabbit anti-human serum albumin (RAHSA) 
and with rabbit anti-human thyroglobulin (RAHTH). The line of pre- 
cipitation observed on Ouchterlony plates when RAHSA reacted with 
thyroid supernatants was continuous with that formed when RAHSA re- 
acted with albumin. The noniodinated pre-albumin protein in 1 congenital 
goiter was completely precipitated by RAHSA (16). 


DISCUSSION 


In each category of diseased thyroid glands (colloid goiter, adenomas, 
congenital goiter, carcinoma) some specimens contained a noniodinated 
protein with the electrophoretic property of albumin. In these glands there 
was also a general increase in S,,2..=4 protein, most obviously in the thy- 
roids which held the pre-thyroglobulin electrophoretic component. Fur- 
ther, the salting out of iodinated protein in the same glands occurred at 
increased phosphate buffer concentration. All gland extracts “‘cross-re- 
acted” with RAHSA. These data indicate that a protein having electro- 
phoretic, sedimentation and immunologic qualities similar to serum al- 
_ bumin is generally, but variably, increased in diseased thyroid tissue. Per- 
haps the protein is albumin. It was not possible to correlate the presence of 
this component with the hemoglobin content of the homogenate, which 
varied from near zero to 0.1 Gm. per cent, or with the vascularity of the 
gland. There was a correlation with the histologic structure, in that the 
tissues having the most obvious accumulation of this albumin-like pro- 
tein (colloid goiters, 1 follicular adenoma, 1 congenital goiter), had a his- 
tologic picture of very large colloid-filled follicles. In 1 specimen this pro- 
tein was present at 5 Gm. per cent concentration. Other plasma proteins 
were not present in proportional concentration, if at all. Further, a similar 
protein has been reported as a normal thyroid constituent (23). Serum 
albumin could have entered these glands either in extracellular fluid or 
from hemorrhage into a cyst. The nature and significance of this protein 
requires further study. 

The iodinated protein of the diseased glands salted out in general at 
higher phosphate buffer concentration than did that of normal thyroid 
tissue. In glands containing an increased proportion of the S,,20.=4 pro- 
tein, salting out began at 1.8-2 M and continued gradually up to 2.2-2.6 M. 
In these glands a major portion of iodinated protein salted out between 
2 and 3 M phosphate buffer. In only 1 instance was this variation in solu- 


4 
; 
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bility correlated with the presence of an abnormal iodinated protein that 
could be detected by paper electrophoresis. In all others, iodinated thyro- 
globulin with apparently normal electrophoretic and sedimentation charac- 
teristics was present. No special studies were made of the protein salting 
out between 2 and 3 M phosphate. The differences between these and other 
reported studies (15) are quite marked, and perhaps cannot be attributed 
to variation in technique alone. It has been observed in this laboratory 
that salting out of thyroglobulin at room temperature decreases thyro- 
globulin solubility.! Further, when small amounts of labeled thyroglobulin 
are added to unlabeled thyroglobulin, albumin, or serum at 3 per cent con- 
centration, the salting-out curves tend to vary, and follow that of the non- 
labeled protein. This is probably because of adsorption of thyroglobulin on 
the major protein components. Thus, a marked increase in low-weight 
highly soluble protein may increase the apparent solubility of thyroglobu- 
lin. It is possible, although entirely speculative, that alteration in pro- 
portions of iodinated amino acids in thyroglobulin (increased iodotyro- 
sine/iodothyronine ratio) may also affect its solubility. Characterization 
of the protein salting out between 2 and 3 M concentration as a protein 
separate and distinct from thyroglobulin could not be achieved in this 
study; in fact, the opposite was suggested. A small amount of a low- 
molecular weight, highly soluble iodinated protein has been reported by 
others as a normal component of the thyroid (15). The latter protein 
may represent iodinated protein other than the thyroglobulin normally 
attached to cell particles (18). ? 

The ultracentrifuge studies on diseased glands demonstrated a general 
increase in the ratio of S,,2.0=4 protein to Sy,2.=19 protein. In some 
colloid goiters, some adenomas, and congenital goiters, this was due to an 
increased content of Sy,2.o=4 component, whereas in other congenital 
goiters and in thyroid carcinoma, the altered ratio was due to an absolute 
decrease in thyroglobulin content. In 1 congenital goiter, there was no 
thyroglobulin. There was no indication of abnormally sized or shaped 
thyroglobulin molecules, in that sedimentation constants of the abnormal 
gland proteins were the same as those of normal glands. 

Within the limits of precision of technique, there was no alteration in 
the electrophoretic mobility of thyroglobulin in any of the glands studied. 
No glycoprotein other than thyroglobulin was present on electrophoreto- 
grams of the supernatant fractions. 

In 1 congenital goiter and the thyroid carcinoma there was an increase 
in the proportion of total homogenate protein associated with the particu- 
late fractions, and similarly in the proportion of total I'* present in these 


1 Data of Dr. M. J. Spiro. 
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particulate fractions. This correlated with a decreased content of thyro- 
globulin in the gland, and cannot be interpreted as of other significance. 
Some further definition has been made of the particulate protein. Human 
in vivo labeled mitochondria, microsomes, and nuclei-debris fraction, when 
incubated in vitro with desoxycholate, release into the media a soluble 
iodinated protein distinct from thyroglobulin (18). The data at hand, 
however, do not prove any accumulation of this or other protein in the 
particulate fraction in disease states. 

General patterns in the foregoing data are compatible with established 
concepts of thyroid pathophysiology. Most parameters studied in the 
adenomas were similar to findings in normal glands. In contrast, the con- 
genital goiters and carcinoma differed widely, in a fashion explicable in 
terms of deficient synthesis of thyroglobulin, with a resultant increase in 
the proportions of particulate protein and I'*!. The accumulation of soluble 
noniodinated protein apparently similar to albumin in colloid goiters, 
some adenomas, and 1 congenital goiter, was not previously recognized. 
Most likely this material accumulates because of degenerative changes in 
the gland. Alternatively, it is possible that this excess of non-thyroglobulin 
protein is related to the pathogenesis of colloid goiter. Perhaps an albumin- 
like protein is normally deposited and removed from the colloid simul- 
taneously with thyroglobulin. A deficient mobilization of this protein 
could lead to distention of the follicles and the development of the histo- 
logic picture of colloid goiter. 
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OXYGEN CONSUMPTION AND THYROXINE 
DEIODINATION BY HUMAN LEUKOCYTES*f 


GEORGE 8. KURLAND, M.D., MARY V. KROTKOV, M.A. 
AND A. STONE FREEDBERG, M.D. 


The Department of Medicine of the Harvard Medical School; and the Medical 
Research Department and the Medical Service, Yamins Research 
Laboratory, Beth Israel Hospital, Boston, M assachusetts 


ABSTRACT 


Homogenates of white blood cells from 31 euthyroid persons, 16 thyrotoxic 
patients and 3 hypothyroid patients were incubated with labeled thyroxine. Res- 
piration and deiodination of thyroxine were measured. The oxygen consump- 
tion of white-cell homogenates from 31 euthyroid subjects ranged from 0.150 
to 0.545 and averaged 0.334+0.1 wl. 02/108 cells/hour. Oxygen consumption 
by leukocytes from thyrotoxic patients was significantly increased, and in 16 
thyrotoxic subjects ranged from 0.21 to 0.76 and averaged 0.444+.15 ul. 
O2/108 cells/hour. The oxygen consumption by leukocytes from 3 hypothyroid 
subjects averaged 0.313 ul. O2/10° cells/hour. Deiodination of labeled thy- 
roxine by cells from 10 euthyroid women ranged from 7 to 39 per cent of the 
total radioactivity and averaged 19+16 per cent. Deiodination by cells from 
7 thyrotoxic women was significantly greater, and ranged from 15 to 57 per 
cent, averaging 44+14.5 per cent. The average deiodination by leukocytes 
from 3 hypothyroid patients was only 7.3 per cent—below the euthyroid mean. 
The deiodinase of human leukocytes is active at physiologic pH 7.4, is thermo- 
labile (being decreased by heating to 60—70° C. for thirty minutes), and is 
aerobic (being inactive in an atmosphere of nitrogen). It is inhibited by 10° 
NaCn and 0.1 M HgCls, and requires both ATP and DPN for maximum ac- 
tivity. The use of the leukocyte as a test organ may permit direct studies of 
peripheral thyroid hormone metabolism in man. 


N CONTRAST to extensive data on thyroid gland function, data on 
peripheral thyroid hormone metabolism in man are few and largely 
indirect, limited by the inaccessibility of many tissues. 

The present communication reports an attempt to make direct studies 
of peripheral thyroid metabolism by measurement of oxygen consumption 
and thyroxine metabolism in leukocytes from euthyroid and hyperthyroid 
persons. 


*Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 

{ This investigation was supported by a research grant A-1843 from the National 
Institute of Arthritis and Metabolic Diseases, Public Health Service. 
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MATERIALS AND METHODS 


White blood cells were obtained from 31 euthyroid subjects (17 women and 14 men), 
16 thyrotoxic patients (13 women and 3 men) and 3 hypothyroid patients. The metabolic 
status of all subjects was ascertained by clinical evaluation and confirmed by deter- 
minations of the basal metabolism, serum protein-bound iodine level, 24-hour thyroidal 
uptake of radioiodine (I'*'), or the two-hour erythrocyte uptake of triiodothyronine (1). 

Leukocytes were isolated after sedimentation with dextran, according to the follow- 
ing method:! 1.5 ml. of 20 per cent dextran (Commercial Solvents, Lot No. NA 649) 
and 0.9 ml. of 5 per cent Sequestrene? were added under sterile conditions to a 50-ml. 
syringe. Venepuncture was made with minimal trauma under venous stasis and a 50- 
200 ml. sample of blood was collected. The syringe was inverted twenty times to insure 
mixing and was clamped upright in the cold (6-8° C.). After settling for one and a half 
to two hours, the supernatant plasma containing the leukocytes was expressed into a 
cold 50-ml. Lusteroid centrifuge tube and spun for five minutes at 1000 rpm at 4° C. 
Erythrocytes and some white cells came down in this spinning. The supernatant plasma 
was transferred to a cold Lusteroid tube and spun for ten minutes at 1200 rpm at 4° C. 
The resulting supernatant was centrifuged a third time at 1500 rpm for ten minutes at 
4° C. One ml. of Hank’s solution (2) and 10.0 units of Varidase* were added to each 
tube after the plasma had been removed, and the white cells were resuspended with a 
pipette. The white cells were combined, centrifuged and washed three times with 35-40 
ml. of Hank’s solution. Total and differential white cell counts were performed. From 
57 to 150 million white cells were obtained from 50 ml. of blood. From 67 to 93 per cent 
(average, 85) were polymorphonuclear leukocytes. The final ratio of red to white cells 
ranged from 4:1 to 1:1, and the ratio of platelets to white cells was approximately 
4:1. The cells were homogenized by hand in the cold for four minutes with a Teflon 
homogenizer. Approximately 40 to 70 per cent of the cells were broken. In duplicate 
samples, the percentage of broken cells varied with narrow limits. 

The homogenate of white cells was added to an incubation mixture (3) (Table 1). 
I-labeled thyroxine (7 to 9 microcuries) was added to yield a final concentration of 
10-8 to 10-® M thyroxine. Respiration was measured by the direct method of Warburg, 
often in duplicate or quadruplicate (4). At the end of sixty minutes, aliquots were re- 
moved, suitable stable carriers were added, and 0.02 ml. was spotted directly onto filter 
paper and analyzed by ascending chromatography in three systems: (a) tertiary amyl 
alecohol:ammonium hydroxide, (b) butanol:ammonium hydroxide, .and (¢c) butanol: 
acetic acid: water (78:10:12). The dried chromatograms were stained with diazotized 
sulphanilic acid and 0.5 per cent palladium chloride to locate carriers. Radioactivity 
was located by a Geiger-Miller tube with an automatic scanning device. The area 
under each curve of radioactivity was measured by planimetry and expressed as a 
percentage of the total radioactivity on the chromatogram. 

In each case, a control mixture of labeled thyroxine and all other ingredients, except 
cells, was incubated simultaneously. Thyroxine obtained from a commercial source‘ 
contained 2 to 15 per cent iodide prior to the study. Additional deiodination of thyroxine 
was noted in the control flask. The net iodide resulting from the action of white cells 


1 Suggested by Dr. W. C. Moloney. 


2 Sequestrene Sodium (Geigy). 
5 Added at the suggestion of Dr. J. L. Tullis. Varidase (Lederle) is a combination of 


streptokinase and streptodornase, used for enzymolytic removal of necrotic tissue. 
4 Abbott Laboratories, North Chicago, IIl. 
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was obtained by subtracting the percentage of iodide on the chromatogram of the 
control material from that produced by the cells. The percentage thyroxine deiodination 
by white blood cells in a given experiment was remarkably similar in all chromatographic 
systems used. When red blood cells were incubated with thyroxine and an aliquot 
spotted directly and chromatographed, no radioactivity moved from the origin. 


RESULTS 


The oxygen consumption of homogenates of white blood cells from 31 
euthyroid subjects ranged from 0.150 to 0.545 and averaged .334 +0.2 ul. 
of oxygen per 10° cells per hour (O2/10° cells/hour). The cells of 17 euthy- 
roid women averaged 0.327 ul. O./10° cells/hour and those of 14 men 


TABLE 1. INCUBATION MIXTURE FOR HOMOGENATE 
OF WHITE BLOOD CELLS 


Material uM added 


MgCl, 

ATP* 

DPNt 

PO, buffer, pH 7.4 
Glucose 
Cytochrome C 


All solutions except MgCl.+ WBC were made up in PO, buffer. Incubation mixture 
was added to 1.6 ml. of WBC to yield a final volume of 3.3 ml. 

* Adenosine triphosphate. 

+ Diphosphopyridine nucleotide. 


averaged 0.346 ul. O2/10° cells/hour. The oxygen consumption in similar 
determinations on 16 thyrotoxic subjects ranged from 0.21 to 0.76 and 
averaged 0.444 +.15 ul. O2/10° cells/hour. These values represent data on 
the cells of 13 thyrotoxic women (average consumption, 0.451 yl. O2/10° 
cells/hour), and on the cells of 3 thyrotoxic men (average consumption, 
0.478 yl. O2/10°/hour). The difference between the means of the oxygen 
consumption of white cells from euthyroid and thyrotoxic subjects was 
significant at the level P>.01 but <.02. Two hyperthyroid patients were 
studied before and after successful treatment with radioactive iodine. In 
one case, the oxygen consumption fell from 0.57 to 0.37, and in the other 
from 0.400 to 0.136 ul. O2/10° cells/hour. The oxygen consumption by 
leukocytes of the 3 hypothyroid subjects averaged 0.313 ul. O./10° 
cells/hour—not significantly different from the euthyroid mean. 

Analysis of the chromatograms following incubation of white blood cells 
with labeled thyroxine demonstrated that white cells are capable of deiodi- 


15.0 
3.0 
2.0 
104.0 
15.0 
0.036 
: 


Fic. 1. The.deiodination of thyroxine by leukocytes. Upper chromatogram—control. 
Lower chromatogram—cells from euthyroid subject. The percentage of total radio- 
activity is noted above each peak. Abbreviations: T,=thyroxine; T;= triiodothyronine; 
I- =iodide. a) butanol:ammonium hydroxide system. b) tertiary amyl alcohol:ammo- 
nium hydroxide system. 
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nating thyroxine (Fig. 1 a and b). In most cases, only thyroxine and iodide 
were identified. Rarely, a small amount of radioactivity corresponding to 
triiodothyronine in chromatographic mobility was noted. 

Deiodination by the leukocytes from 10 euthyroid women ranged from 
7 to 39 per cent of the total radioactivity and averaged 19 +16 per cent. 
Deiodination by the leukocytes from 7 thyrotoxic women ranged from 15 
to 57 per cent of the total radioactivity and averaged 44+14.5 per cent 
(Fig. 2). The difference was statistically significant, P>.001 but <.005. 
Deiodination by white cells from 7 euthyroid men averaged 28 + 10.5 per 
cent of the radioactivity. Studies were performed on only 2 thyrotoxic 
men, and the average deiodination by white cells was 24 per cent. One 
thyrotoxic subject was studied again when euthyroid; deiodination by 
leukocytes had fallen from 32 to 18 per cent. The average deiodination by 
leukocytes of the 3 hypothyroid patients was only 7.3 per cent below the 
value. 


Fig. 2. Deiodination of thyroxine by leukocytes from a euthyroid and from a thyro- 
toxic subject. Upper chromatogram—leukocytes from euthyroid subject. Middle 
chromatogram—control. Lower chromatogram—leukocytes from thyrotoxic subject. 
System—butanol: ammonium hydroxide. 
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TABLE 2. EFFECT OF HOMOGENIZATION ON DEIODINATION BY LEUKOCYTES (WBC) 


% I formed 


Subject Sex State of WBC greater than 
in control 


Homog. 
Nonhomog. 


M 


KL 


AG M Homog. 30 
Nonhomog. 8 


Summary of the properties of the deiodinating system 
of human white blood cells 


1. Minimal deiodination of I'*'-labeled thyroxine resulted from the use 
of intact white cells in contrast to the homogenized cells from the same 


subject (Table 2). 


Fic. 3. Deiodination of thyroxine by normal and by boiled leukocytes. Upper chroma- 
togram—control without cells. Middle chromatogram—normal white blood cells. 
Lower chromatogram—heated cells. System—butanol: dioxane. 
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WBC=AIR 


Fig. 4. Effect of nitrogen on deiodination of thyroxine by leukocytes. Upper chro- 
matogram—control. Middle chromatogram—incubation under nitrogen. Lower chro- 
matogram—incubation under air. System—butanol:acetic acid. 


2. Heating the cells to 60—70° C. for thirty minutes diminished deiodina- 
tion. Boiling the cells for thirty minutes eliminated deiodination (Fig. 3). 
3. Anaerobic incubation under nitrogen eliminated deiodination (Fig. 4). 

4, Both adenosine triphosphate (ATP) and diphosphopyridine nucleo- 
tide (DNP) were required for maximum respiration and deiodination. 
Respiration and deiodination were markedly depressed by eliminating 
ATP and DPN from the incubation mixture (Tables 3 and 4); omission 
of DPN alone resulted in a substantial decrease of respiration and deiodi- 
nation; absence of ATP resulted in a marked decrease in deiodination but 
only a slight decrease in respiration. 

5. The addition of 10-? M sodium fluoride (NaF) stimulated respiration 
but had no effect on deiodination (Tables 3 and 4); 10-* M sodium cyanide 
(NaCn) prevented deiodination but did not stop respiration; .011 M mer- 
curic chloride (HgCl.) eliminated both respiration and deiodination. 

6. In time-course studies, deiodination was present in fifteen minutes 
and increased rapidly, reaching a peak between two and four hours; it had 
decreased by eighteen hours. 

7. Evidence for deiodination of triiodothyronine by leukocytes from 
hyperthyroid or euthyroid subjects was obtained in only 1 of 4 experi- 
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TABLE 3. EFFECT OF OMISSION OF ATP aNp DPN SIMULTANEOUSLY, AND 
ADDITION OF NACN, on O2 CONSUMPTION AND DEIODINATION OF 
THYROXINE BY WHITE BLOOD CELL HOMOGENATES 


Oxygen % I formed 
Change in WBC consumption : 


homogenate (ul. O2/10° WBC) B-HAC 


48 
+NaF 0.425 31 
—ATP, —DPN -017 7 
+NaCN 6 


* Solvent systems ‘(see text): B-N =butanol:ammonia; B-HAC =butanol:acetie 
acid. 


TABLE 4. EFFECT OF OMISSION OF DPN anp ATP AND ADDITION OF NaF 
ON O2 CONSUMPTION AND DEIODINATION OF THYROXINE BY 
WHITE BLOOD CELL HOMOGENATES 


. Oxygen % I formed 
Change in WBC | consumption 


homogenate (ul. 02/108 
WBC) TA* BN B-HAC Avge. 


475 36 42 42 40 
—DPN -110 23 19 19 20 
-—ATP 14 19 13 
+NaF 610 46 52 41 46 


* Solvent systems (see text): TA=tertiary amyl alcohol-ammonia; B-N = butanol- 
ammonia; B-HAC = butanol:acetie acid. 


ments. No evidence for deiodination of the acetic analogues of thyroxine 
or triiodothyronine was found. 


DISCUSSION 


Our studies demonstrate an increased oxygen consumption by leukocytes 
from thyrotoxic persons compared to those of euthyroid persons. The data 
show further that human white blood cells contain an enzyme(s) capable of 

‘deiodinating thyroxine and that the white blood cells from thyrotoxic 
women induce greater deiodination of thyroxine than cells derived from 
euthyroid women. 

The significance of these observations and the usefulness of this tech- 
nique in studying metabolic states rest in part on the extent to which the 
metabolism of leukocytes is representative of that of other tissues of the 
body. Other fresh human tissues have not been available to us, and thus 
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comparison of the metabolism of thyroxine by white blood cells and by 
other tissues has not been possible.® 

It has previously been shown that the circulating leukocyte contains 
many enzymes and participates in metabolic abnormalities in several hu- 
man diseases (6). The increased respiration of leukocytes from thyrotoxic 
subjects encouraged the view that these cells participate in the metabolic 
changes in abnormal thyroid states. Evidence suggesting that human tis- 
sues are capable of deiodinating thyroxine, as indicated by the discovery 
of labeled triiodothyronine following the infusion of thyroxine, has not 
been confirmed (7, 8). However, indirect evidence confirming thyroxine 
deiodination has been obtained (9-11) in studies showing iodide excretion 
in the urine after intravenous infusion of I'*!-labeled thyroxine. Although 
tissue studies in man are not available, previous reports by others (sum- 
marized in Table 5) indicate that animal tissues metabolize thyroxine 
in a variety of ways. The variety of methods (deiodination, deamination) 
by which different tissues metabolize thyroxine has also been demonstrated 
following injection of I'* into guinea pigs (21). In comparison to the fore- 
going, the deiodinase of human leukocytes, like the deiodinase of rat 
kidney and brain, is active at physiologic pH 7.4, is thermolabile, is de- 
stroyed by heating to 60—70° C. for thirty minutes, is aerobic (being in- 
activated by an atmosphere of nitrogen), and is inactivated by .011 _M 
mercuric chloride. On the other hand, unlike brain deiodinase (18), it is 
- entirely inhibited by 10-* sodium cyanide but not at all by sodium fluoride. 
Like the enzyme of muscle homogenates, the major reaction product is 
iodide. Unlike the rat kidney enzyme system which converts thyroxine to 
its acetic-acid analogues, both ATP and DPN were necessary cofactors for 
full deiodination of thyroxine by our white cell homogenates. It should be 
be noted that consistent deiodination of triiodothyronine by human leuko- 
cytes was not demonstrated. Thus, human leukocyte deiodinase resembles 
the thyroid hormone metabolism system found in some animal tissues but 
not in others. In view of the results of animal studies, it is probably repre- 
sentative of one of several possible metabolic pathways. 

We have previously postulated abnormalities of the peripheral metabo- 
lism of thyroxine in describing the role of altered hormone function in 
euthyroid hypometabolism and in paroxysmal atrial arrhythmias (11, 22). 
This hypothesis was supported by indirect studies of peripheral thyroxine 
metabolism as measured by the rate of disappearance of intravenously 
infused I'*!-labeled thyroxine. It is hoped that the present technique will 
make feasible direct studies of peripheral thyroid metabolism in these and 
other states of altered thyroid metabolism. This possibility has been 


5 In a recent abstract (5), the conversion of triiodothyronine to triiodothyroacetic 
acid (triac) by human liver and kidney has been described. — 
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strengthened by the finding that the oxygen consumption of leukocytes is 
increased in thyrotoxicosis and that this increase in oxygen consumption 
parallels the increase in general body metabolism (23). Increased deiodina- 
tion of thyroxine by leukocytes from thyrotoxic subjects is further evi- 
dence of the participation of white cells in the metabolic changes in thyro- 
toxicosis. Our data are in agreement with those obtained in experiments 
showing increased deiodinating activity in hyperthyroid rats (13); other 
animal experiments have yielded negative results (24). The ultimate use- 
fulness of the leukocyte as a test organ for direct study of thyroid hor- 
mone metabolism in man thus awaits further investigation. 
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RESPONSE OF THE THYROID GLAND TO 
THIOCYANATE AND THYROTROPIN*} 


MARVIN L. MITCHELL, M.D. anp MARY E. O’ROURKE, B.A. 


The Department of Medicine and Radioisotope Unit, Lemuel Shattuck Hospital and 
Tufts University School of Medicine, Boston, Massachusetts 


ABSTRACT 


In order to determine whether inhibition of the thyroidal iodide “trap” by 
thiocyanate was dependent only upon the serum concentration of the ion, thy- 
roid function was studied in 15 euthyroid and 3 hyperthyroid subjects before 
and during administration of potassium thiocyanate. Serum thiocyanate levels 
were correlated with thyroidal radioiodine (I'*") uptakes, and thyrotropin was 
administered to 8 euthyroid and 3 hyperthyroid subjects while the thyroid 

- gland was under the inhibitory influence of thiocyanate. In euthyroid sub- 
jects complete interference with thyroidal ['*! accumulation did not occur 
readily at serum thiocyanate levels below 5 mg. per 100 ml. In hyperthyroid 
subjects, thyroidal I'** uptake proved impossible to inhibit completely, re- 
gardless of the magnitude of the serum thiocyanate level. In euthyroid sub- 
jects, at all serum thiocyanate concentrations, thyrotropin (20 to 30 v.s.p. 
units) produced measurable increments in the collection of radioiodine by the 
thyroid. In contrast, the hyperthyroid subjects exhibited much less response to 
thyrotropin. Aside from the distinct differences between euthyroid and hyper- 
thyroid subjects in their responses to thiocyanate and thyrotropin, the data 
suggest that the mechanism by which thiocyanate inhibits the thyroidal iodide 
“trap” may not be solely a function of extracellular concentration, since the thy- 
roidal incorporation of radioiodine in response to thyrotropin may occur in the 
presence of an otherwise inhibitory serum level of thiocyanate. 


HE ability of the thiocyanate ion to alter normal thyroid function 

was recognized more than two decades ago when, in several patients 
receiving thiocyanate therapy for hypertension, enlargement of the thyroid 
and features of myxedema developed (1). The goiter and myxedema in 
these patients could be reversed by the administration of desiccated thy- 
roid (2). Studies in rats revealed that thiocyanate-induced goiters could be 
abolished by an increased iodide content of the diet (3). The suggestion 
was made that the favorable influence of the iodide resulted from synthesis 
of hormone from iodide that had diffused into the thyroid gland as a con- 
sequence of an increased serum concentration of the ion (4). Later studies 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30—-May 2, 1959. 

t Supported by grant A-1998 from the United States Public Health Service—Na- 
tional Institute of Arthritis and Metabolic Diseases. 
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showed that thiocyanate interfered with thyroid function by preventing 
the concentration of iodide by the thyroid gland (5). 

The mechanism of the action of the thiocyanate ion upon the thyroidal 
iodide “‘trap’’ has never been satisfactorily explained. This in part may be 
attributed to a lack of knowledge concerning the fundamental nature of the 
“trap” itself. The present studies were performed in order to gain some in- 
sight into the behavior of the thyroid gland while under the influence of 
thiocyanate. To ascertain whether inhibition of the thyroidal iodide-col- 
lecting mechanism varies solely with the level of thiocyanate in the serum, 
thyroid function was examined with and without administration of thyro- 
tropin at different serum thiocyanate concentrations. 


MATERIALS AND METHODS 


Ten men and 8 women, between the ages of 20 and 68, participated in this study. 
Fifteen were hospitalized convalescent patients who by the usual clinical and laboratory 
criteria were considered euthyroid, and the 3 others had unequivocal hyperthyroidism. 
Oral tablets of enteric-coated potassium thiocyanate! were administered for periods 
which varied from three to ten weeks. Serum thiocyanate determinations were performed 
by a standardized spectrophotometric method (6). Each subject received an initial 
ioading dose of 0.8 to 1.6 Gm. of potassium thiocyanate, which was followed by 0.2 to 
0.8 Gm. each day, depending upon the serum thiocyanate values. An attempt was made 
to maintain the level of serum thiocyanate concentration between 6.0 and 13.0 mg. per 
100 ml., especially during the periods of thyrotropin administration. Single or multiple 
intramuscular injections of thyrotropin? for a total of 20 to 30 u.s.P. units were received 
by 8 of the euthyroid subjects and the 3 hyperthyroid patients. Thyrotropin was given, 
in each case, while the thyroid gland was under the inhibitory influence of the thiocya- 
nate ion. Radioiodine was administered either twenty-four hours after the single dose of 
thyrotropin or on the day of the final injection of the multiple dose of thyrotropin. 

The concentration of radioiodine in the thyroid gland was measured with a colli- 
mated scintillation probe at a distance of 51 em. from the surface of the skin. In order 
to be able to discern slight changes in thyroid function following injection of thyrotropin, 
daily measurements of the radioactivity within the thyroid gland (without correction 
for physical decay) were plotted on semi-logarithmic paper to reflect the thyroidal secre- 
tion rate. Baseline and subsequent radioiodine uptake determinations were measured 
twenty-four hours after the administration of oral tracer doses of 35 to 75 microcuries of 
carrier-free radioiodine (I'*). When radioiodine uptakes were determined repeatedly in 
the same subject, the residual thyroidal radioactivity (radioactivity remaining from a 
previous tracer dose) was estimated by extrapolation of the slope of thyroidal radio- 
activity to the time when the radioiodine uptake was determined. The residual thyroidal 
radioactivity, so determined, added to the body background radioactivity (which was 
obtained by observing the counting rate when the region of the thyroid gland was 
shielded with lead of ?-inch thickness) was subtracted in the calculations made for the 
repeat uptake determinations. 


! Enseals, 0.2-Gm. tablets, Eli Lilly and Co. 
2 Thytropar, Armour Pharmaceutical Co. 
3 Abbott Laboratories and E. R. Squibb and Sons, Oak Ridge, Tenn. 
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Fig. 1. Comparison in euthyroid (dots) and hyperthyroid (circles) subjects of the 
24-hour thyroidal uptake of I'* (vertical axis) at similar serum thiocyanate concentra- 
- tions (horizontal axis). 


RESULTS 


The correlation between serum thiocyanate concentration and 24-hour 
thyroidal I'*' uptake in the euthyroid subjects is illustrated in Figure 1. 
A reciprocal relationship between the level of thiocyanate and the height 
of the radioiodine uptake appeared to obtain, especially at extremely 
high and low concentrations of thiocyanate in the serum. It seems reason- 
able to infer from examination of the plotted values that complete inhibi- 
tion of thyroid function did not occur readily at serum thiocyanate levels 
below 5 mg. per 100 ml. Twenty-four hours after a single dose of 1.6 Gm. 
of potassium thiocyanate, the serum level ranged between 4.0 and 6.0 mg. 
per 100 ml., and diminished slowly in the ensuing days to weeks.‘ 

When thyrotropin was administered to the euthyroid subjects whose 
thyroid glands had been effectively prevented from accumulating radio- 
iodide by potassium thiocyanate, a variable but measurable quantity of 
I'5! was collected by the thyroid glands. The details of individual studies 
in euthyroid Subjects T.M. and H.F. (Fig. 2) reflect the thyrotropin-in- 


4 In sera collected at random from hospitalized patients, thiocyanate concentrations 
have ranged from 0 to 1.5 mg. per 100 ml. 
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Fig. 3. Euthyroid subjects. Comparison of 24-hour thyroidal I"! uptakes (vertical 
axis) before (circles) and after (dots) the administration of thyrotropin at varying levels 
of serum thiocyanate concentration (horizontal axis). The mean values for each group of 
determinations are depicted by the sight lines. 


M.F. 


10,000 4 
7,000 4 24 HOUR RAI 
@ SCN 
5.0004 
3,000- 
68.0 
5 ( 
= 23.0 25.0 | 
| 
| 
5.0 
9.0 
1004 
2 4 6 8 10 12 4 16 18 20 22 
DAYS 
Fie. 4. Hyperthyroid Subject M.F. The influence of thiocyanate upon thyroidal 
radioiodine uptake and the minimal change in thyroid function after administration of 


thyrotropin. The baseline thyroidal I'*' uptake is represented by the open column at the 
far left, with the value recorded above; additional I! uptake values are shown over 
the corresponding open columns. Serum thiocyanate concentrations are depicted by the 
closed columns with the values printed beneath. Thyroidal radioactivity counts are 
plotted on a semi-logarithmic scale (vertical axis) and joined by solid lines. The broken 
lines reflect extrapolated values, and the bows indicate the start of the new plot follow- 
ing a repeat tracer dose of I'*!. The arrow indicates a single dose of thyrotropin. 
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duced changes in thyroid function which occurred at serum levels of thio- 
cyanate that otherwise had virtually abolished the thyroid iodide “trap.” 
Not only was the thyrotropin effect manifested by the augmented thyroidal 
content of I'*', but the slope of thyroidal radioactivity following the repeat 
tracer of I'*! remained the same or diminished on a quantitatively different 
plot, indicating that the I'*' abstracted from the plasma was also bound. 
The 24-hour thyroidal uptakes of I'*! at varying serum thiocyanate levels, 
before and after administration of thyrotropin, have been compared in 
Figure 3. The mean difference between the groups, expressed by the sight 
lines, is apparent and was statistically significant (P <0.01). 

In marked contrast to normally functioning thyroids in which thio- 
cyanate had an inhibitory effect, the hyperthyroid glands proved to be 
resistant to complete suppression with this medication (Fig.1). Regardless 
of the concentration of thiocyanate, the thyrotoxic glands retained their 
capacity to entrap and apparently organify a considerable quantity of 
radioiodide. There was little or no response of the hyperthyroid glands to 
thyrotropin when the thyroidal radioiodine uptake values had been re- 
duced to the normal range by appreciable concentrations of thiocyanate 
(Fig. 4). Table 1 summarizes the studies carried out on both the euthyroid 
and the hyperthyroid subjects. 


DISCUSSION 


From the results described, it appears that the degree of thyroid inhibi- 
tion produced by the thiocyanate ion varies with its concentration in the 
serum. This conclusion applies equally to the euthyroid and the hyper- 
thyroid subjects, although the latter proved to be much-more refractory to 
the effects of thiocyanate at any given serum concentration. Although 
the number of observations made upon the thyrotoxic subjects was small, 
the response to thiocyanate, with respect to the 24-hour uptake of radio- 
iodine, appeared to differ quantitatively from that of the euthyroid sub- 
jects. This distinct difference in response could conceivably prove useful 
in distinguishing between toxic and nontoxic states. 

The mechanism whereby thyrotropin induced iodide accumulation in 
the thiocyanate-inhibited euthyroid gland is not clear. It has been shown 
that the concentration of iodide in the thyroid gland may be increased by 
thyrotropin (7, 8) and, independently of thyrotropin, may be enhanced 
by a reduction in the intrathyroidal content of organic iodine (9, 10). In 
the present studies there was no clear indication as to whether thyrotropin 
achieved its effect directly by augmenting cellular ‘‘trapping”’ activity, or 
indirectly by lowering the intrathyroidal content of organic iodine, or by 
some other means. 

The question arises whether thyrotropin may not also influence the intra- 
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TABLE 1. SUMMARY OF RESULTS IN EUTHYROID AND HYPERTHYROID SUBJECTS. 


The baseline thyroidal radioiodine uptake for each subject (before administration of 

thiocyanate) is the first value in the last column—opposite the blank for the thio- 

cyanate value. Repeat uptake values are shown opposite the corresponding serum thio- 
cyanate levels, as well as in relation to administration of thryotropin. 


Thyroidal 
Subjects Sex Serum SCN Dosage of TSH 24-hr. [3 
(mg./100 ml.) uptake (% dose) 


Euthyroid 
JS. 


A.G. 


A.M. 


P.M. 


AS. 


10 uX3 days 


10 uX3 days 


10 u X2 days 


20 uX1 day 


53 
M & 36.0 
3.6 8.2 
4.9 5.4 
3.9 5.2 = 
2.4 17.0 
6.0 6.4 
W.H. M — 25.6 
6.0 4.0 s 
M.B. F ee 34.4 
9.7 2.0 
H.H. F 31.4 
5.2 6.9 4 
4.7 20.3 
T.M. M 34.5 
6.3 8.3 
7.0 20.1 
AK. M 17.0 
5.0 
W.A. M 23.2 
8.0 1.0 
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TABLE 1. (continued) 


Thyroidal 
Subject Serum SCN | Dosage of TSH 24-hr, [31 
(mg./100 ml.) uptake (% dose) 


E.T. 40. 


10 u X2 days 


20 u X1 day 


20 uX1 day 


10 vu X3 days 
Hyperthyroid 
M.F. 


20 uX1 day 
10 uX3 days 


20 uX1 day 


30 uX1 day 


54 
7 
4.8 6.9 
7.4 4.2 
11.0 2.0 
— 47.8 
: 9.0 2.0 
11.6 7.4 
M.R. F — 22.0 
10.0 2.0 
13.0 10.0 
H.F. M — 17.0 
5.6 4.4 
7.5 
10.0 
| 68.0 
| 4.8 | 38.3 
9.0 23.4 
om 10.6 25.4 
B.N. M — 73.0 
6.0 49.5 
7.7 40.1 
8.8 32.8 
9.5 39.4 
11.4 24.1 
D.B. F — 88.0 
6.5 53.5 
8.0 48.0 
10.5 34.0 
12.0 | 31.0 
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thyroidal metabolism of thiocyanate. No studies answer this question 
directly, but there are some data which disclose significant features in the 
metabolism of thiocyanate. It has been shown in the rat, using S*°-labeled 
thiocyanate, that a part of the thiocyanate becomes bound to protein and 
part is converted to water-soluble sulfur-containing compounds, the 
process being inhibited in the presence of propylthiouracil (11). Further- 
more, thyroids made deficient in iodine by a low-iodine diet, or made 
hyperplastic by the administration of propylthiouracil, showed no greater 
concentration of thiocyanate than did the control thyroid glands (12). 
Thus, the indirect evidence is against the concept of a thyrotropin effect 
upon the thyroidal metabolism of thiocyanate.® 

The failure of thyrotropin to augment thyroidal radioiodine uptake, 
seen in our thiocyanate-treated hyperthyroid patient, has also been 
observed in hyperthyroid subjects who had received no antithyroid 
medication (13). Whether these findings can be attributed to the same 
underlying mechanism remains to be elucidated. However, it has been 
shown that the concentrating capacity of the thyrotoxic gland is con- 
siderably increased (14). Thus, one might anticipate little or no response 
to thyrotropin if the thyroidal iodide-collecting mechanism were function- 
ing maximally. Whether the inability of the thiocyanate ion to inhibit the 
activity of the hyperthyroid gland completely is a consequence of the 
hyperactive ‘‘trapping”’ mechanism, and not simply a phenomenon asso- 
ciated with glandular hypertrophy, must await further clarification. 
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ABSTRACT 


Four women and 1 man receiving protracted treatment with iodides for 
asthma or bronchitis and exhibiting diffuse thyroidal enlargement were studied. 
Needle biopsy of the thyroid gland revealed parenchymatous hypertrophy in 
all. The goiter and myxedema receded on discontinuance of the use of iodides 
or on administration of thyroid. One patient, followed for more than two years, 
demonstrated rapid uptake of radioactive iodine over the thyroid gland when 
the serum iodide’ reached levels of 12.4 micrograms per 100 ml.; organic bind- 
ing of iodine did not occur at that time, as documented by the lack of protein- 
bound radioiodine (PBI'*!) in the serum (conversion ratio), the rapid decay of 
radioactivity from the thyroid gland at rates parallel with the decay from the 
thigh, and the appearance of radioactivity in the urine. Lack of organic bind- 
ing also was demonstrated by historadiologic technics. When concentrations of 
iodide’ had reached 0.56 microgram per 100 ml. of serum, the uptake of ['*! 
over the thyroid gland was avid and protracted; at that time, PBI"! appeared 
in the serum at a rate that was faster than normal. Studies with potassium 
iodide showed pronounced sensitivity of the thyroid in these patients to the 
inhibiting effects of iodides on the organic binding of iodine, quite comparable 
in nature to the findings in Graves’ disease. The similarities between the clinical 
picture of iodide goiter and that of Hashimoto’s thyroiditis are stressed. 


MOST unusual complication of the protracted use of iodides is the 

development of a goiter, with or without myxedema. Less than a 
score of such instances have been reported in the English literature. The 
rarity of this syndrome is stressed by the contrastingly large number of 
patients who take iodides for asthma and other diseases without ever 
exhibiting any thyroidal abnormalities. 

Myxedema following the administration of iodides was first reported by 
Haines (1) in a young woman who had postoperative recurrence of Graves’ 
disease. Thompson and associates (2) and Proger and Brauns (3) described 
similar cases, and Hurxthal (4), Bell (5), Nixon (6) and others noted the 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 

t The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of 
the University of Minnesota. 


57 


> 


WOOLNER AND BAHN Volume 20 


58 PARIS, McCONAHEY, OWEN, 


occurrence of myxedema after the administration of iodides to patients 
who had pre-existing nontoxic goiters. 

Because the cases to be reported concern patients who had no known 
abnormalities of the thyroid gland when treatment with iodides was be- 
gun, the literature that describes similar situations warrants specific re- 
counting. Morgans and Trotter (7) reported 2 such cases in 1953; they 
were the first to demonstrate a high uptake of radioiodine by the thyroid 
shortly after the cessation of therapy with iodides. Turner and Howard (8) 
added 13 cases, all of which were in children; 7 of their patients exhibited 
myxedema in addition to the goiter. Rubenstein and Oliner (9) recently 
reported the case of a 33-year-old woman in whom first a goiter and later 
myxedema developed after four years of daily intake of iodides for bron- 
chial asthma. One day after the use of iodides was stopped, the two-hour 
uptake of I'*! over the thyroid was 70. per cent of the administered dose 
and the thyroidal radioactivity decayed rapidly. Concomitant failure of 
organic binding was demonstrated by the lack of production of radioactive 
protein-bound iodine (PBI'*!). Seven days after the use of iodides was 
stopped, the thyroidal uptake of I'*' was high and remained increased for 
a protracted period; it did not decrease with the administration of potas- 
sium thiocyanate. At that time, PBI'* was being rapidly produced. Paley 
and associates (10) studied a 49-year-old woman who had iodide myxe- 
dema and goiter documented by needle biopsy of the thyroid. When the 
concentration of serum iodide exceeded 300 micrograms per 100 ml., or- 
ganic binding of iodide by the thyroid did not occur. -At later stages, when 
the value for serum iodide was 2 micrograms per 100 ml. , organic binding 
was shown to proceed at a fast rate. 

The case reported by Raben (11) probably constitutes an example of 
iodide goiter and myxedema, even though the only apparent exposure to 
iodides was in the form of bronchography carried out nine months before 
the appearance of the goiter. Biopsy material was not available for diag- 
nostic confirmation. However, other diagnoses were unlikely because of 
the early high uptake of I'* over the thyroid gland, the urinary iodide 
excretion of 1173 micrograms per twenty-four hours, the serum PBI level 
of 9.61 micrograms per 100 ml., and the failure of the goiter and myxedema 
to reappear after discontinuance of treatment with desiccated thyroid. 

Our observations corroborate and expand those of others, suggesting 
that, in the comparatively small group of persons in whom goiter develops 
after administration of iodides, the organic binding of iodine within the 
thyroid gland may be unusually susceptible to the inhibitory effects of 
iodides; moreover, a similarity in response to the administration of iodides 
in patients with iodide goiter and those with exophthalmic goiter was ob- 
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served, together with several clinical features common to iodide goiter and 
Hashimoto’s thyroiditis. 


MATERIAL AND METHODS 


The records of 11 cases diagnosed as iodide goiter at the Mayo Clinic since 1956 were 
reviewed. Eight of the patients were adults and 3 were children; 9 were female and 2 were 
male. The difficulties encountered in documenting the diagnosis of iodide goiter or 
myxedema or both made us limit the present report to 5 cases in which biopsy material 
from the thyroid was available for study and the histologic picture was that of parenchy- 
matous hypertrophy.! Determinations of the basal metabolic rate, and serum PBI and 
butanol-extractable iodine (BEI) levels, as well as I'*! tracer data were available in 
the majority of cases. Studies of I'' clearance were performed on 2 patients by the 
technic of Berson. The same 2 patients were given carrier doses of 2 mg. of iodine as 
potassium iodide, and the magnitude of the inhibitory effects of iodides on the thyroidal 
uptake of I'*! was observed in both. Historadiologic studies on thyroidal organic binding 
of iodine were performed on one of these patients. 


RESULTS 


~The essential findings in 4 of our 5 cases of iodide goiter are summarized 
in Table 1. Common to all cases was parenchymatous hypertrophy of the 
thyroid on biopsy and the intake of iodides for uninterrupted and pro- 
longed periods ranging from thirteen months to more than seven years. A 
diffuse firm goiter was present in all but Case 4, in which the thyroid was 
soft, with a loud bruit over both lobes. Three of these patients were women 
taking iodides for asthma; the fourth was a man who had chronic bron- 
chitis. Three patients were myxedematous and 1 was euthyroid. The basal 
metabolic rates ranged from —5 to —22 per cent. The serum PBI level, 
when measured, usually was increased; the BEI level was low in 1 patient. 
Tracer studies with I'*! were performed on all of these patients at intervals 
of six and twenty-four hours after the administration of the I'*. The up- 
take by the thyroid, when enough time had elapsed from the last dose of 
iodide-containing medicaments, was uniformly increased. In the majority 
of instances, it was impossible to interrupt the administration of iodide- 
containing medicaments, but the goiter and the manifestations of myxe- 
dema disappeared during treatment with desiccated thyroid. In Case 4, use 
of iodides was permanently discontinued and treatment with thyroid was 


1 The clinical course of the disorder in 2 children made the diagnosis of iodide goiter 
a highly probable one. These were 5-year-old twin sisters receiving iodides for bronchial 
asthma. The smallness of their goiters precluded needle biopsy. It was possible to with- 
hold iodides from one twin at a time, while the sister continued to take iodides as a con- 
trol. This procedure was reversed for two full cycles. When iodides were withheld, the 
goiter disappeared within four weeks, reappearing within a comparable period when 
iodides were readministered. Ultimately, the use of iodides was discontinued in both 
patients, and their thyroids reverted to normal size and consistency. 
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not instituted; complete resolution of the myxedema and the goiter was 
seen within three months. Case 3 is especially noteworthy, as the pre- 
operative diagnosis was Hashimoto’s thyroiditis; to the surprise of both 
surgeon and clinician, the histologic appearance of the thyroid was that of 
parenchymatous hypertrophy. 

The fifth of our patients (Case 5) was observed for a period of two years. 
The essential data? in this case are summarized in Table 2. This 33-year- 


TABLE 1. ESSENTIAL FINDINGS IN 4 PATIENTS WITH IODIDE GOITER 


15! tracer studies 


Age (yrs.), Blood iodides 


Pa- sex, BMR (ug./100 ml.) Treatment and 
tient clinical (%) Days with-| 24-hr. in | Clearance follow-up 
status PBI BEI out iodides} vivo (%) | (ml./min.) 


27 0 2 Desiccated thyroid; 
1 Asthma; —16 14.4 8.1 . myxedema disap- 
myxedema 4 — 154 peared; goiter receded 


59 F Desiccated thyroid; 
2 Asthma; — 13.0 2.3 12 82 — no follow-up 
myxedema 


47 *F Thyroidectomy; des- 
3 Asthma; - 5 _ —_ 10 83 — iccated thyroid; no re- 
euthyroid currence 
54 M Iodides withdrawn; 
4* Myxedema —22 _ _ 60T 43 214 myxedema and goiter 
disappeared 


* Soft, mushy thyroid with loud bruit. 
+ Continued to receive 150 micrograms of potassium iodide daily until day of trdcer. Larger doses discontinued 60 


days before. 


old woman had taken potassium iodide for thirteen months because of 
asthma. When first examined, in 1956, she appeared euthyroid. The thy- 
roid was diffusely enlarged to approximately three times normal size, and 
was firm. Needle biopsy revealed parenchymatous thyroidal hypertrophy 
(Fig. 1). Nine days after the first withdrawal of iodides, the thyroidal 
uptake of I'*! was 92 per cent at twenty-four hours. The conversion ratio 
at forty-eight hours was 100 per cent, and the serum PBI'* was shown by 
chromatography to be thyroxine. The goiter disappeared concomitantly 
with the administration of desiccated thyroid and failed to reappear when 
use of iodides was reinstituted one year later. In 1958, in an effort to repro- 
duce the goiter, the patient agreed to discontinue only the use of desiccated 


2 The values for PBI and BEI were invalidated by cholecystography performed in 
May 1955. When the patient was first examined, the value for BEI was 4000 micrograms 
per 100 ml. of serum; it decreased steadily to 1800 micrograms on August 25, 1958. It 
is noteworthy that this high concentration of organically bound iodine did not interfere 
with the performance of thyroidal function tests with radioisotopes. 
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thyroid; a goiter and mild myxedema became apparent within five weeks. 
Use of iodides then was stopped; twenty-four hours later, the serum inor- 
ganic iodide measured 12.4 micrograms per 100 ml. and the thyroidal 
clearance of I'*! was 74 ml. per minute, with a peak uptake of 23.8 per cent 
at fifty minutes and a steady decrease thereafter. The conversion ratio at 
twenty-four hours was 0 per cent. 

Figure 2 shows the uptake of radioactive iodine by the thyroid gland ex- 


TABLE 2. IODIDE GOITER IN A 33-YEAR-OLD ASTHMATIC WOMAN: 
POTASSIUM IODIDE FOR THIRTEEN MONTHS (CASE 5) 


Oct. 20, 1956 Feb. 11, 1958 July 7, 1958 Aug. 25, 1958 | Sept. 5, 1958 


2x normal, 
soft, diffuse 


2X normal, 
soft, diffuse; 
bruit 


3X normal, | Normal Normal 


diffuse, firm* 


Thyroid gland 


Euthyroid Mild myxede- 


ma 


Clinical status Euthyroid Euthyroid Euthyroid 


BMR (%) —18 


Inorganic iodide of serum 


(ug./100 ml.) 12.4 


thyroidal up-| 6-hr. 17 


take (%) 


24-hr. 10 


131 clearance (ml./min.) 74 


PBI! of serum (% of dose 


0 0.119f 


per liter) 


0.310] 


Iodide medication 


None for 9 
days 


None 


KI from Feb. 15 
to Aug. 24, 1958 


None for 1 day 


None for 12 
days 


Desiccated thyroid 


None 


60 mg. per day since 
Oct. 30, 1956 


90 mg. per day since 
Feb. 14, 1958 


None for 49 
days 


None for 61 
days 


* Parenchymatous hypertrophy on biopsy. Diffuse I4! uptake on gammagram. 
+ Conversion ratio =100 per cent at 48 hours. 
t¢ Conversion ratio =70 per cent at 22 hours. 


pressed as the percentage uptake of the dose when use of iodides had been 
discontinued for twenty-two hours. The initial rapid uptake was followed 
by a steady slow decay of radioactivity; the rate of this decay was paral- 
leled by the disappearance rate over the thigh (Fig. 3). The appearance of 
radioactivity in the urine occurred at a rate of 6.2 per cent of the dose per 
hour, which approximated closely the decay values over the thyroid (6.6 
per cent per hour) and thigh (7.1 per cent per hour). Similar studies were 
repeated forty-eight hours after withdrawal of iodides, with almost identi- 
cal findings. Results of radioautographic studies on biopsy material ob- 
tained from the thyroid at that time are shown in Figure 4. The tissue was 
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Fig. 1. a. Thyroid in Case 5, showing parenchymatous hypertrophy in iodide goiter. 
Sample obtained by needle biopsy on October 26, 1956 (hematoxylin and eosin; X100). 
b. Typical appearance in Hashimoto’s thyroiditis for contrast (hematoxylin and eosin; 
x 150). 


frozen immediately in isopentane cooled with liquid nitrogen. The frozen 
tissue was dehydrated in a vacuum (less than 10-* mm. of mercury) at 
—30° C. in the manner described by Stowell (12). Radioautographs were 
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Fig. 2 (Case 5). Thyroidal uptake of 
[131 twenty-two hours after withdrawal of 
iodides, when serum inorganic iodide level 
was 12.4 micrograms per 100 ml., and 
twelve days later, when serum inorganic 
iodide level had decreased to 0.56 micro- 
gram per 100 ml. 
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=10VYe hours 
0° re 6.6%/hour 


- 


Thyroid 
Fig. 3 (Case 5). Rate of disappearance 

of I)! from the thyroid and thigh twenty- 

two hours after withdrawal of iodides. 


Net I’! (uc) in neck 


T 

4 


o 
T 


re 7.1% /hour 
° 1 2 3 4 5 6 


Rate of disappearance of — hours 


prepared from this tissue by mounting paraffin-embedded microtome sec- 
tions directly on glass slides (Fig. 4a). Additional freeze-dried paraffin sec- 
tions were treated with distilled water, with a 1 per cent solution of tri- 
chloroacetic acid and with a 1 per cent solution of silver nitrate prior to 
preparation of the radioautographs. The radioactivity was removed almost 
completely by the action of distilled water (Fig. 4b). A small amount of ac- 
tivity remained following extraction by trichloroacetic acid (Fig. 4c), and 
the tissues treated with silver nitrate possessed radioactivity comparable 
to that of untreated sections (Fig. 4d). 


Fia. 4. (Case 5). Radioautographs prepared from serial sections of tissue obtained at 
biopsy of iodide goiter (freeze-dried tissue; <6). a. Total radioactivity in section 
mounted directly from microtome without exposure to any reagent. b. Most of radio- 
activity was removed from section washed with distilled water. c. Small amount of 
radioactivity was retained in section placed in a 1 per cent solution of trichloroacetic 
acid. d. Amount of radioactivity retained in section placed in a 1 per cent solution of 
silver nitrate is comparable to total radioactivity (see a). 
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It was concluded from these studies that the major radioactive com- 
ponent was iodide, which was soluble in water and trichloroacetic acid 
and was precipitated by silver nitrate. The small amount of radioactivity 
demonstrable after treatment of the tissues with trichloroacetic acid prob- 
ably was bound to protein. Two weeks later, the concentration of serum 
iodide'”’ had decreased to 0.56 microgram per 100 ml. The thyroidal uptake 
of I'*! at twenty-two hours was 64.5 per cent and, in contrast to the situa- 
tion two weeks before, the value for PBI'* at twenty-four hours was 0.119 
per cent of the dose per liter of serum, reflected by a conversion ratio of 70 
per cent. Figure 2 also shows the thyroidal uptake of I'*! twelve days after 
withdrawal of iodides, indicating a steady and prolonged increase in uptake 
without the rapid discharge of radioactivity observed two weeks previ- 
ously. 


COMMENT 


In the differential diagnosis of an iodide goiter, Hashimoto’s thyroiditis 
always should be considered. The case reported by Hydovitz and Rose (13) 
illustrates this point. It concerned a 52-year-old woman under protracted 
iodide therapy for bronchial asthma whose goiter and myxedema were 
thought to be caused by the iodides. No biopsy material was available to 
substantiate the diagnosis. However, factors favoring the diagnosis of 
Hashimoto’s thyroiditis with concomitant use of iodides included 1) a high 
thyroidal uptake of I'*! and rapid decay of thyroidal radioactivity two 
months after the withdrawal of iodides, 2) normal and high normal values 
for serum PBI concentration attended by low amounts of BEI after a 
prolonged period of iodide withdrawal, and 3) the fact that myxedema dis- 
appeared only partially and the goiter not at all after the withdrawal of 
iodides, with myxedema recurring when use of triiodothyronine was dis- 
continued one year after the last dose of iodides. : 

The possibility of Hashimoto’s thyroiditis was entertained by Morgans 
and Trotter (7) in one of their cases, but the goiter in this instance had dis- 
appeared entirely on withdrawal of iodides without the concomitant use of 
thyroxine, making it almost a certainty that the diagnosis was not Hashi- 
moto’s thyroiditis. Table 3 summarizes the differential diagnosis between 
_ Hashimoto’s thyroiditis and iodide goiter. The gland is usually diffusely 

enlarged in both conditions, and it may be either firm or soft. The meta- 
bolic status may be that of euthyroidism or myxedema. The basal meta- 
bolic rate may be normal or low in both conditions. The value for serum 
PBI is usually low in Hashimoto’s thyroiditis, but it can be normal or, on 
occasion, high; it is usually high in iodide goiter when the patient is re- 
ceiving iodides. The amount of serum BEI is usually low in both condi- 
tions. The uptake of I'*' by the thyroid may be high, normal or low in 
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Hashimoto’s thyroiditis, whereas it is usually high in iodide goiter when 
use of the iodide-containing medicament has been interrupted for a suf- 
ficiently long time prior to the test. Not shown in Table 3, but of im- 
portance, is the fact that the goiter and the hypothyroidism in both iodide 
goiter and Hashimoto’s thyroiditis usually disappear during administra- 
tion of desiccated thyroid. The histologic appearance of the goiter, on the 
other hand, is entirely different in the two conditions (Fig. 1). Iodide 


TABLE 3. DIFFERENTIAL DIAGNOSIS BETWEEN HASHIMOTO’S 
THYROIDITIS AND IODIDE GOITER 
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Hashimoto’s thyroiditis 


Iodide goiter 


Goiter 


Diffuse or lobulated; firm or soft 


Diffuse; firm or soft 


Metabolic status 


Euthyroid or myxedema 


Euthyroid or myxedema 


BMR 


Low or normal 


Low or normal 


Serum PBI 


Low or normal 


High when on iodides 


Serum BEI 


Low or normal 


Usually low 


Thyroidal uptake 


Normal or high 


High when no iodides ad- 
ministered 


Histologic features 


Enlargement and oxyphilia of epi- 
thelial cells; loss of colloid; in- 
filtration with. plasma cells and 
lymphocytes; formation of ger- 

minal centers; fibrosis 


Parenchymatous hypertro- 
phy; variable amounts 
of colloid storage 


goiters are hyperplastic, which appears to be an important contribution 
to accurate diagnosis in these cases. The diagnosis of iodide goiter was con- 
firmed on biopsy in the case of Paley’s group (10), one of Bell’s (5) cases 


and one of the cases of Turner and Howard (8). 


A rather striking characteristic of iodide goiters is the way in which 
their uptake of I'* is inhibited by small amounts of iodide. Three of our 
patients were studied before and after the administration of 2 mg. of iodine 
as potassium iodide in the manner described by Feinberg and associates 
(14). Table 4 shows the results of the studies in these patients, along with 
comparable observations obtained in euthyroid patients and in patients 
who had Graves’ disease. The similarity of response between the hyper- 
thyroid patients and those with iodide goiter is obvious. The literature con- 
tains many accounts of the relationship between iodide myxedema and 
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exophthalmic goiter; in fact, the early descriptions of iodide myxedema oc- 
curred in patients with postoperative Graves’ disease who were receiving 
iodides. In the case described by VanderLaan (15) an iodide goiter pre- 
ceded the appearance of Graves’ disease. 

Iodide goiters are probably mediated by thyroid-stimulating hormone 
(TSH). Excessive amounts of iodide have been shown to inhibit organifica- 


TABLE 4. INHIBITORY EFFECTS OF IODINE ON THYROIDAL UPTAKE OF [131 


Thyroidal I'*" uptake (% of dose) 


After 2 mg. of 
iodine as KI 


Condition Control 


6-hr. 24-hr. 6-hr. 24-hr. 


Euthyroid (average values in 12 patients*) 21 35 11 22 


Graves’ disease (average values in 4 untreated 
patients*) 69 70 14 16 


Case 2: 12 days after withdrawal of 
iodides 


82 


Case 4:5 months after withdrawal 
of iodides 57 68 19 13 


Iodide 
goiters | Case 5: receiving 60 mg. of desiccated 
thyroid daily; no iodides for 16 
months 


Case 5: no iodides for 13 days; no 
thyroid for 2 months 


* From Feinberg and associates (14). 


tion of iodine in humans and laboratory animals (16—18). The resulting in- 
crease of TSH output produces enlargement of the thyroid and also an 
augmentation of the “trapped” iodide. This increase in the trapping mech- 
anism explains the early uptake of I'*! over the thyroid of the patient with 
iodide goiter, even at a time when the concentration of plasma iodide’?’ 
is high. The available data suggest that lesser amounts of iodide are neces- 
sary to inhibit organic binding of iodine in patients with iodide goiter than 
are required in normal persons. It is also apparent that patients with iodide 
goiter do not “escape” from the inhibitory effects of iodides, whereas 
normal persons do. 
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THE METABOLISM OF TRIIODOTHYRONINE 
IN GRAVES’ DISEASE*t 
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The Department of Surgery, Western Reserve University School of Medicine, and 
Cleveland Metropolitan General Hospital, Cleveland, Ohio 


ABSTRACT 


Chromatographically pure triiodothyronine (T;) labeled with I'** was given 
to 12 patients with current or recent hyperthyroidism of Graves’ disease (4 
still hyperthyroid, 5 euthyroid, and 3 hypothyroid) and to 8 normal controls. 
The fate of T; in these patients was observed by quantitative chromatography 
carried out on serial samples of blood and urine. In addition, radioactivity 
over the liver was measured. The behavior of the injected T; in the patients 
with Graves’ disease, regardless of their metabolic state, was quite different 
from that in the controls. During the first forty-eight hours, the labeled T; 
remained in the serum of patients with Graves’ disease in greater amounts 
than in the controls. More radioactivity was excreted in the urine by patients 
with Graves’ disease than by the controls; this difference was largely owing 
to free iodide. There was also slightly more unaltered T; in the urine of patients 
with Graves’ disease. Measurement of radioactivity over the liver revealed 
maximal concentration within a few minutes after injection of T3, followed by 
a marked fall. A subsequent secondary rise occurred in the patients with 
Graves’ disease, but not in the controls. The liver/serum-T; ratio indicated 
that, considering the level of T; in serum, the livers of the patients with Graves’ 
disease held less radioactivity than did the livers of the normal subjects. 


INCE the identification of triiodothyronine in human serum by Gross 
and Pitt-Rivers (1), the role of this compound has been investigated 
in vivo and in vitro. Its calorigenic effect is greater and of shorter duration 
than that of thyroxine (2-6). Although triiodothyronine has been found in 
in the circulation of patients with thyrotoxicosis and some normal sub- 
jects (7-9), the amounts have been very small; however, they might be ex- 
tremely significant. It has been postulated by some (10, 11) that thyroxine 
might be a precursor of triiodothyronine, and by others (8, 12) that tri- 
iodothyronine might arise as a primary secretion from the thyroid. Studies 
conducted after the administration of radioactive iodine have shown that 
in some cases of thyroid disease triiodothyronine appears in the serum be- 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 


Illinois, April 30—-May 2, 1959. 
t Aided by grants from the American Cancer Society and the Atomic Energy Com- 


mission. 
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fore, and initially in larger amounts than thyroxine, but as time progresses, 
thyroxine becomes the dominant iodinated compound of the serum (9). 
What part, if any, triiodothyronine may play in Graves’ disease is not 
clear, but at least it may be said that triiodothyronine is most readily de- 
tectable in the serum of patients with the most severe degrees of thyrotoxi- 
cosis (9). 

Triiodothyronine has been shown to accumulate in large quantities in 
the liver of rats, followed by rapid clearance of the radioactivity (13), in 
association with the appearance of conjugated iodinated compounds in the 
bile (14-16). When the liver was removed or the common bile duct ligated, 
the conjugated triiodothyronine in the blood and urine increased (17, 18), 
suggesting further that the liver normally plays a major role in the metab- 
olism of triiodothyronine. 

Because triiodothyronine might play an important part in thyrotoxi- 
cosis, it seemed appropriate to explore the fate of this compound when it 
was injected into patients with Graves’ disease. Simultaneous observations 
were made on changes of radioactivity in the serum, urine, and in the area 


of the liver. 


METHODS 


Patients with proven Graves’ disease,! either current or recent, were selected for this 
investigation. Some of them had received definitive therapy which had resulted in a 
euthyroid or hypothyroid state. Great care was taken to select only patients who fell 
clearly into one of the following three groups: 1) hyperthyroid, 2) euthyroid, or 3) 
hypothyroid. One of the authors had originally observed all but one! of the patients 
while the classic signs of hyperthyroidism were present and before any therapy had 
been given. The original diagnosis and -the diagnosis of the clinical state at the time of 
this study were based on the clinical history, physical examination, uptake of radioiodine 
by the thyroid, basal metabolic rate, ond. in some instances the serum protein-bound 
iodine determination. 

Twenty patients were studied. Twelve were in the Graves’ disease group; 4 were 
hyperthyroid, 5 were euthyroid, and 3 were hypothyroid (2 with frank myxedema) at 
the time of the study. Eight control subjects (known to be free from renal disease, liver 
disease, and cardiac failure) were selected from volunteers and from patients who had 
been hospitalized for incidental lesions entirely unrelated to the thyroid. 

A tracer dose of I-labeled 3,5,3’-triiodothyronine? (not exceeding 200 microcuries) 
was injected into the antecubital vein of the subject to be studied. The specific activity 
of the material injected ranged from 30 to 50 microcuries per microgram of iodine. 
Before administration each sample of triiodothyronine was found by chromatography 
(butanol :dioxane:ammonia system) to have no less than 97 per cent of the radioac- 
tivity in the form of triiodothyronine, the only radioactive contaminant being iodide. 
To insure against the thyroid playing a part in the formation and secretion of labeled 
iodinated compounds, a dose of 100 mg. of propylthiouracil was given to all subjects 


1 When first seen, one of the patients had myxedema. There was no preceding his- 


tory which definitely suggested hyperthyroidism. 
2 Reported by Abbott Laboratories, the manufacturer, to be labeled in the 3’ position. 
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twelve hours before the injection of triiodothyronine, and repeated every six hours for 
the duration of the study. 

Observations were made on the blood, urine, liver and thyroid at intervals during 
the seventy-two hours following the injection of triiodothyronine. Samples of blood 
were drawn at 1, 2, 4, 8, 24, 48 and 72 hours following the injection. A volume of 3 ml. 
of serum was counted in a well-type scintillation counter, and extracted four times with 
n-butanol. The nonextractable residue was redissolved in 6N sodium hydroxide and 
counted to determine the extractability of the labeled iodinated compounds. The buta- 
nol extract was dried under vacuum, redissolved in 0.3 ml. of n-butanol, and chroma- 
tographed in a descending butanol:dioxane:ammonia system together with unlabeled 
carriers of iodide, triiodothyronine, and thyroxine. The resulting strip chromatograms 
were cut into segments }-inch wide and counted on an automatic sample changer with 
an end-window beta counter (12). The amounts of radioactivity in the individual com- 
pounds of the chromatograms were then calculated and related to the administered dose 
of labeled triiodothyronine. 

All urine was collected in separate samples coinciding with the sampling of blood. 
The radioactivity of an aliquot of each sample of urine was determined and related to 
the original volume. A known volume of urine, depending on its content of radioactivity, 
was measured and poured onto a prepared column of Dowex 1 resin and eluted with 
glacial acetic acid. All inorganic iodide was retained in the column while the iodinated 
organic compounds were eluted.* The total radioactivity in the eluate was determined 
and quantitative chromatograms of the iodinated organic compounds in these eluates 
were made by the same method as that used on the serum. All samples of eluate from 
the first 13 patients and random samples from the remaining patients were chromato- 
graphed, representing more than 100 samples. Thus, the radioactivity of all fractions, as 
well as the total excreted, was related to that of the injected triiodothyronine. 

An estimation of the amount of radioactivity in the region of the liver was made, 
using a shielded scintillation counter. Various corrections for body background were 
applied. Crude periodic estimates of radioactivity over the liver in the first few patients 
revealed unexpected findings which prompted refinements in the methods. Improved 
geometry and continuous recording during the first eight hours in subsequent patients 
of the study served to document more fully the changes which occurred. The effective 
field of the shielded counter was arranged with fixed geometry over areas drawn on the 
right and left sides of the abdomen. The position on the right side corresponded with 
the largest cross-sectional area of the liver. Counting proceeded alternately from these 
two fixed positions and was continuously recorded with an Esterline-Angus recorder. 
During the counting procedure, lead shielding was placed over the opposite side of the 
abdomen (to the mid line) from that which was being counted. This was done to enhance 
the significance of the difference in radioactivity detected on the respective sides. This 
difference represented the number of counts attributable to the liver. Subsequent ob- 
servations with the same fixed geometry were made at 24, 48 and 72 hours. The livers 
of 11 patients were surveyed in this manner, and data procured only by this method 
have been used in Figure 4. It was found that by using these procedures it was possible 
to estimate within 5 per cent the amount of radioactivity within a mock liver in a 
dummy. 

From time to time during the period of observations, measurement of radioactivity 


3 As described elsewhere, this method resulted in a recovery of 90 per cent triioda- 
thyronine, 94 per cent thyroxine, 92 per cent monoiodotyrosine and 93 per cent diiodo- 
tyrosine, whereas only 0.28 per cent of iodide was eluted from the column (19). 
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over the thyroid was carried out and releated to that in other areas of the body to in- 
sure that the thyroid was not playing an active part in the secretion of labeled com- 
pounds. 


RESULTS 


There was remarkable similarity in the total urinary excretion of I'*! 
among the various groups with Graves’ disease. Regardless of the metabolic 
state, the amounts were far greater than in the controls. The average total 
amount of I'*! excreted over seventy-two hours in the Graves’ disease 
groups was 71.3+11.4 per cent of the dose. In contrast, the controls ex- 
creted an average of only 45.8+14.5 per cent of the dose in seventy-two 
hours, the range being 57.7 to 30.1. The difference between patients with 
Graves’ disease and normal subjects was significant (P <.005). Among 
those with Graves’ disease, the range for the hyperthyroid group was 75.4 
to 66.9 per cent, for the euthyroid group 82.0 to 43.2 per cent, and for the 
hypothyroid group 83.8 to 68.8 per cent of the dose. Thus, for this period 
of time, patients with Graves’ disease, whether toxic or not, excreted in the 
urine more radioactivity from a dose of labeled triiodothyronine than did 
normal subjects. 

It was found by chromatography that the radioactivity in the urine was 
only in the form of free iodide and unaltered triiodothyronine. No other 
compounds were detected in the urine of either patients with Graves’ dis- 
ease or normal controls, irrespective of the elapsed time following the injec- 
tion of triiodothyronine. 

The increased amount of radioactivity excreted in the urine of patients 
with Graves’ disease was shown by chromatography to be attributable to 
increased amounts of iodide. In the 72-hour period following the injection 
of triiodothyronine, the patients with Graves’ disease had excreted 68.1 
+11.9 per cent of the administered radioactivity as inorganic iodide, 
whereas the controls had excreted only 44.6 +9.0 per cent. There was only 
1 patient with Graves’ disease in whom the excretion of I'*! iodide was as 
low as the highest control value (Fig. 1). 

The total excretion of unaltered triiodothyronine in the urine in seventy- 
two hours by the patients with Graves’ disease was 3.16 +0.42 per cent of 
the dose of triiodothyronine, whereas that of controls was only 1.33 +0.33 
per cent (significance, P <.005). Among the patients with Graves’ disease, 
those that were hyperthyroid excreted 3.72 +0.37 per cent, those that were 
euthyroid excreted 3.02 +0.43 per cent, and those that were hypothyroid 
excreted 2.79 +0.23 per cent. The difference between the hyperthyroid and 
the hypothyroid groups is probably significant (P <.01). By the time 


4 With single-phase chromatography, the presence of trace amounts of labeled iodi- 
nated acetic and pyruvic acid derivatives of thyronine cannot be completely- exeluded 
in the presence of the relatively large amounts of triiodothyronine. 
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twenty-four hours had passed, the cumulative excretion of unaltered tri- 
iodothyronine in all patients with Graves’ disease was greater than that 
in any of the controls (Fig. 2). 

Interesting differences were found in the amounts of labeled triiodo- 
thyronine remaining in the serum of both patients with Graves’ disease 
and normal subjects. One hour after the administration of triiodothyronine 
the amount of this substance remaining unaltered in the serum of patients 
with Graves’ disease was 10.0 + 4.7 per cent of the dose per liter of serum, 
whereas in the controls it was 5.8 +2.6 per cent (Table 1). At this time, in 


144 24 72 
HOURS AFTER INJECTION OF Ts 


Fig. 1. Cumulative excretion of I! iodide in the urine, expressed as a percentage of 
the injected radioactivity. The difference between patients with Graves’ disease and the 
normal controls became evident after eight hours. Only 1 patient with Graves’ disease, 
rendered euthyroid by the administration of propylthiouracil for forty weeks, exhibited 
a pattern of excretion of iodide like that of normal subjects. 
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the Graves’ disease group, iodide represented 2.3 +0.8 per cent of the dose 
per liter of serum, and in the controls iodide represented 1.5 +0.5 per cent. 

When the one-hour level of triiodothyronine in the serum was expressed 
as 100 per cent and subsequent values were expressed as a percentage of 
that initial value, it was observed that in most of the patients with Graves’ 
disease there was a delay in the decline of triiodothyronine in the serum 
when compared to the controls. At the end of the first eight hours there 
was 22 +1.4 per cent of the first-hour level remaining in the controls, and 
there was 33+7.7 per cent in the patients with Graves’ disease. At this 
time only 1 of the patients with Graves’ disease showed a level which was 
as low as the highest value among the controls. Thus the initial levels in 


—— HYPERTHYROID 
-~ EUTHYROID GRAVES' DISEASE 
HYPOTHYROID 


— CONTROL 


Fig. 2. Cumulative excretion of unaltered I! triiodothyronine in the urine. More 
unaltered triiodothyronine was excreted by patients with Graves’ disease than by the 
normal controls. The cumulative excretion in the two groups was different at twenty- 
four hours. 


4 
124 8 24 48 22 
HOURS AFTER INJECTION OF & 
= 
Sey. 


IAN B. HALES AND BROWN M. DOBYNS Volume 20 


TABLE 1. SERUM LEVELS OF TRIIODOTHYRONINE IN 
GRAVES’ DISEASE VERSUS CONTROLS 


The level in patients with Graves’ disease was higher at one hour than in controls 
(P <.05). The absence of values in the 48-hour and 72-hour columns 
is due to the fact that the radioactivity in the serum was 
too low for satisfactory chromatography. 


Serum levels of triiodothyronine (% dose/liter 


Group 
2 hours 4 hours 8 hours 24 hours 48 hours |72 hours 


Graves’ Disease 
0.20 


Hyperthyroid 


+32 
39 
4 


14 


0.31+0.12 


Euthyroid 


0.4 +0.26 


wt. 6.441.5 : £0. 0.98+0.60 


Total, Graves’ disease 10.0+4.7 5.041.8 £0. 0.4940.38 


Controls 
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5.8+2.6 | 4,141.9 0.44+0.29 | 0.28+0.22 


* Three hours| 
** Six hours { 


not used in calculations. 
Graves’ disease were not only higher, but there was a delay in the fall of 
_the curve. The difference between patients with Graves’ disease and the 
controls became less impressive beyond eight hours, and by forty-eight 
hours both groups retained an average of 5 per cent (5.3 and 5.0) of the 
first-hour level of triiodothyronine. 

The only radioiodinated compounds found in more than 100 chromato- 
grams of butanol extracts of the serum from both patients with Graves’ 
disease and controls, were triiodothyronine and iodide. In the system of 
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chromatography used, the presence of trace quantities of the iodinated 
acetic and pyruvic acid derivatives of thyronine could be completely ex- 
cluded owing to the presence of relatively large amounts of triiodothy- 
ronine in the chromatograms. 

There was an immediate rise in radioactivity over the liver after the in- 
jection of triiodothyronine. Indeed, it was so rapid that a maximal level 
was reached within three minutes following the injection. A decline there- 
after was detectable in thirty minutes. 

In 5 patients with Graves’ disease (3 hyperthyroid, 1 euthyroid, and 1 
hypothyroid) the radioactivity of the liver was estimated by the continu- 
ous recording method; in all, there was a secondary rise in radioactivity 
between four and seven hours after the injection of the triiodothyronine 
(Fig. 3). This confirmed similar findings demonstrated by more crude 
methods used in the first 7 patients with Graves’ disease studied. Six con- 
trols were studied by the improved method, and in none was a secondary 
rise observed. 

GRAVES DISEASE CONTROLS 
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Fia. 3. Radioactivity in the region of the liver following injection of triiodothyronine. 
Radioactivity over the liver was corrected on the basis of a common dose. Maximal 
radioactivity was observed over the liver in approximately three minutes, and there was 
considerable reduction in the first hour. Data on the 11 patients studied with continuous 
recording and improved geometry are shown. The curves representing radioactivity in 
the livers of patients with Graves’ disease showed a secondary rise in radioactivity four 
to seven hours after radioactive triiodothyronine was injected. A similar rise was also 
demonstrated in earlier patients studied by a more crude method. 
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Although the radioactivity in the liver began to fall soon after injection 
of the labeled triiodothyronine, the amount in the liver compared to the 
radioactivity in the serum was gradually rising. Since the radioactivity re- 
mained higher in the serum of patients with Graves’ disease than in con- 
trols, it was interesting that the radioactivity of the liver in the two groups 
was not correspondingly different. Thus, the livers of patients with Graves’ 
disease took up (or held) less of the available radioactivity than did the 
livers of the controls. To demonstrate this relationship the following ratio 
was devised: 


Counts per minute over liver (corrected for the dose), 
Triiodothyronine in serum (% dose per liter) 


The ratio at one hour in patients with Graves’ disease was 3.9 + 1.6, and in 
controls 4.8+0.7. For purposes of illustration it seemed appropriate to 
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Fic. 4. The ratio of the radioactivity of the liver to the amount of triiodothyronine 
in the serum. The ratio is calculated as count over liver/amount of triiodothyronine in 
serum, expressed as a percentage of the dose per liter. This ratio is expressed as 100 
per cent at one hour; at subsequent times it is expressed as a percentage of this one-hour 
ratio. The ratio was lower in patients with Graves’ disease. At eight hours the mean 
values were: Graves’ disease, 200+31 per cent; controls, 320+31 per cent. The dif- 
ference is significant (P <.005). Thus, the radioactivity in the liver was less than might 
be expected in Graves’ disease, considering the amount of circulating triiodothyronine. 
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express the changes in this ratio as deviations from the one-hour value, as 
shown in Figure 4. 

The ratios in 17 subjects> were computed for 1, 2, 4 and 8 hours after 
injection of triiodothyronine. Figure 4 serves to illustrate a difference in 
the liver/serum-triiodothyronine ratios between the two groups of pa- 
tients. Thus, although the serum contained more triiodothyronine in the 
patients with Graves’ disease than in the controls, the liver either did not 
collect, or destroyed and released more readily, the radioactivity that 
came to it. The fact that the urinary excretion data showed increased 
amounts of free iodide may indicate the latter was taking place. 

Counting over the thyroid area revealed no significant accumulation of 
radioactivity. Furthermore, the failure to find labeled thyroxine in the 
chromatograms of the serum of any subject indicates that the thyroid did 
not secrete appreciable amounts of iodinated organic compounds. 


DISCUSSION 


‘The patients of this study were known to have had Graves’ disease. At 
the time the studies were performed, 4 of them were still hyperthyroid 
(duration, twelve to thirty-four months), 5 were euthyroid (duration of 
remission, six months to two years), and 2 were hypothyroid (duration, six 
to eighteen months). We do not know the underlying cause of Graves’ dis- 
ease, and although we can satisfactorily treat the hyperthyroidism, some 
of the facets of this clinical entity remain for some time after the patient 
becomes euthyroid. In spite of the widely different metabolic states within 
this group of patients, the results were essentially similar in all, but quite 
different from the results in the normal controls. 

The only apparent significant difference in the values among the sub- 
groups of Graves’ disease was with regard to the amount of unaltered 
triiodothyronine excreted in the urine. More triiodothyronine was excreted 
_ by the hyperthyroid than by the hypothyroid patients. Renal plasma flow, 
inulin clearance, glomerular filtration, and para-aminohippuric acid excre- 
tion are all known to be elevated in hyperthyroidism and decreased in hy- 
pothyroidism (20). Thus, the slight difference in the amounts of triiodo- 
thyronine excreted by the kidney in these groups may have been attribut- 
able to the general metabolic state as reflected in renal function and the 
clearance of triiodothyronine. It should be emphasized that these differ- 
ences in the amounts of unaltered excreted triiodothyronine within the 
Graves’ disease group, although relatable to the degree of metabolism, are 
far less significant than the striking difference in values between the 


5 During the course of this study, the method of measuring the radioactivity of the 
liver was revised several times. Data on the last 17 subjects studied were sufficiently 
complete to permit inclusion in this analysis. 
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Graves’ disease patients as a group and the normal subjects who were all in 
a euthyroid state. Thus, even when thyroid function had recently been so 
seriously impaired in Graves’ disease that myxedema had developed, more 
unaltered triiodothyronine was still excreted than in the normal controls 
who were in a euthyroid state. 

At the end of the first hour and until eight hours, the level of triiodothy- 
ronine remained higher in the serum of patients with Graves’ disease than 
in the controls. These higher levels in the serum suggest that the rate of 
destruction of triiodothyronine, or its sequestration by the tissues, was 
delayed in the Graves’ disease group. Seemingly conflicting observations 
are the fact that the different serum levels of triiodothyronine approached 
the same values after eight hours, and that considerably larger amounts of 
free labeled iodide were excreted in the patients with Graves’ disease. The 
only available explanation for these conflicting findings is that the triiodo- 
thyronine which was removed from the circulation in patients with Graves’ 
disease was then more rapidly deiodinated than in the normal subjects. 
The nature of the binding of triiodothyronine and other iodinated com- 
pounds by serum proteins may have some bearing on the disappearance 
of triiodothyronine from the serum, clearance by the kidney, and dis- 
position in the tissues. These possibilities were considered but not ex- 
plored specifically in our patients. 

Roche et al. (14, 15) and Flock et al. (16-18) showed in animals that the 
liver plays a role in the metabolism of triiodothyronine. Ruegamer and 
Chodos (21) found that the half-life of triiodothyronine in the serum is 
prolonged in humans with liver disease. The same was shown with regard 
to thyroxine by Vannotti and Béraud (22). In our study, the amount of 
triiodothyronine in the serum did not fall as rapidly in the patients with 
Graves’ disease as it did in the normal controls. Even though the serum 
triiodothyronine levels were higher, the amount of radidactivity in the 
liver was relatively lower than in the controls, as shown by the liver/serum- 
triiodothyronine ratios (Fig. 4). Although the actual amount of radioac- 
tivity attributable to the liver was small and the secondary rise observed 
in the liver was of short duration, the consistency of this secondary rise in 
all patients with Graves’ disease makes the finding noteworthy. This, to- 
gether with the delay in the decline of the serum triiodothyronine level 
and the lower liver/serum-triiodothyronine ratios, suggests that an altera- 
tion in the function of the liver may be a feature of Graves’ disease. 
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A SENSITIVE METHOD FOR THE DETECTION OF 
IODINATED COMPOUNDS IN HUMAN PLASMA, 
AND ITS APPLICATIONS IN THE 
STUDY OF THYROTOXICOSIS* 


R. BIRD, Px.D. anp HELEN E. A. FARRAN, B.Sc. 
Department of Endocrinology, New End Hospital, Hampstead, London N.W. 3, England 


ABSTRACT 


Iodinated tyrosines were identified in human plasma in certain familial dis- 
orders, after the large doses of radiation given in some cases of carcinoma of 
the thyroid and, as previously reported by this department, in some, but not 
all cases of thyrotoxicosis. The evidence for this statement is further strength- 
ened by the results obtained with a modification of a chemical method for the 
detection of small amounts of iodinated compounds which were separated by 
paper chromatography. This method depends essentially on the treatment 
of paper chromatograms with ceric sulphate-arsenious acid reagent and is a de- 
velopment of that described by Bowden et al. (Biochem. J. 59: 93, 1955). Using 
this technique alone, and in conjunction with scintillation counting, it was 
possible to study the plasma of patients before and after the administration 
of radioiodine. In this way a radiation effect on the thyroid may be excluded 
as the cause for the appearance of abnormal iodinated compounds in the 
plasma of certain patients with thyrotoxicosis. Iodinated compounds in the 
plasma of normal people were examined. 


INTRODUCTION 


HE use of radioiodine, combined with the development of chromato- 

graphic techniques, has permitted extensive study of the nature of 
the circulating thyroid hormone (1, 2). However, the detection of iodinated 
compounds in plasma after the administration of radioiodine raises the 
possibility that they may, at least in part, be radiation artefacts. Various 
workers (3, 4) have developed methods of chromatography using minimal 
amounts of radioactivity to reduce this possibility. 

The introduction of the highly sensitive ceric sulphate-arsenious acid 
reaction for the detection of iodinated compounds on paper chromato- 
grams by Bowden et al. (5) enabled Maclagan and his co-workers (6) to 
apply this method to investigation of the circulating thyroid hormones, 
without using a radioactive technique. 

Iodinated tyrosines have been detected in certain patients with thyro- 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 
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toxicosis after the administration of tracer amounts of 100—200 uc. of radio- 
active iodine (7) as well as after therapeutic doses in the same patients. It 
was found that the presence or absence of iodinated tyrosines in plasma 
was statistically related to the size of the thyroid gland. Thyrotoxic pa- 
tients in whose plasma iodinated tyrosines were detected appear to re- 
quire larger amounts of radioactive iodine to control the disease. 

It seemed desirable to extend this investigation and to carry out parallel 
studies using both radioactive and non-radioactive methods. The chemical 
procedure used in this investigation is a modification of that described by 
Bowden et al. (5) and depends essentially on the treatment of paper chro- 
matograms with ceric sulphate-arsenious acid reagent. To increase the sen- 
sitivity of the method, and to prevent fading of the background, the chro- 
matogram is given a second treatment with a solution of aniline in acetone. 
Using this technique alone, and in conjunction with scintillation counting, 
it has been possible to study the plasma of patients before and after the 
administration of radioactive iodine. In this way the radiation effect on the 
thyroid may be excluded as a cause of the presence of abnormal iodinated 
compounds in the plasma. The iodinated compounds in the plasma of 
normal people who have not been given radioactive iodine were also ex- 
amined. 


MATERIALS AND METHODS 


Materials and patients 


For this investigation chromatograms were prepared from,the butanol-extractable 
fraction of plasma samples. Blood was drawn into heparinized bottles. The blood was 
centrifuged at 2,500 rpm for ten minutes and the plasma taken off; when necessary, it 
was kept in the refrigerator until needed. Blood was taken from 19 normal controls 
without any suspected thyroid disorder, who were having routine medical examination 
for other reasons. Blood was also taken from all patients suffering from thyrotoxicosis 
who were having, or were about to have, treatment with radioactive iodine. From a 
smaller number of previously untreated thyrotoxic patients, blood-samples were ob- 
tained before any treatment was prescribed. ; 


Methods 


An aliquot of plasma measuring 4-6 ml. was washed three times rapidly with equal 
volumes of carbon tetrachloride, and the washings rejected. The washed plasma was 
extracted with n-butyl alcohol and the extract evaporated to dryness and taken up in a 
mixture of butanol and water as previously described (3). The extract was applied to 
10-inch X 10-inch squares of 3 MM Whatman filter paper and run overnight in butanol: 
ethanol:2N ammonia (5:1:2) solvent. After drying, the product was run again at right 
angles, overnight, in a second solvent system of butanol:acetic acid: water (12:3:5): 
The dried chromatograms were then treated chemically. The solutions required were. 


1. Two per cent ceric sulphate in N H,SO. 
2. Arsenious acid, 0.2 N. Arsenious acid is made up as follows: 9.891 Gm. of arsenious 
trioxide and 7 Gm. of sodium hydroxide are dissolved in 100 ml. of water and then 
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diluted to 400 ml. with more water. Concentrated H,SQ, is added until the solu- 
tion is about pH 7 when judged by means of indicator paper. A further 42 ml. of 
concentrated H.SO, is added before diluting the solution to 1 liter with water. The 
final acidity is 1.5 N. 

3. Ceric sulphate-arsenious acid solution. This solution is prepared immediately before 
treating the chomatogram. The proportions are solutions 1, 2 and water (1:1:1 
v/v) 


4. One per cent aniline in acetone. 


The chromatograms were dipped quickly in solution 3, gently blotted and hung up 
to dry at room temperature in a fume cupboard. The air was kept circulating during 
this process. When the chromatograms had dried they were dipped in solution 4 and 
hung again in the fume cupboard to dry at room temperature. Radioactive chromato- 
grams were cut into strips 3 cm. wide and counted between two scintillation counters (3). 
If the initial activity on the chromatogram was more than 0.2 ue. of I'*' they were also 
put on to x-ray films. 


RESULTS 


The sensitivity of the method is such that on chromatograms of standard 
solutions, amounts of the order of 0.04 ug. of l-thyroxine, triiodothyronine, 
diiodotyrosine and monoiodotyrosine can be detected. It is usually ac- 
cepted that plasma from healthy people contains 4-8 ug. of protein-bound 
iodine (PBI'®’) per 100 ml., whereas plasma from patients suffering from 
thyrotoxicosis contains up to 20 ug. or more of PBI’*’ per 100 ml. 

The method of radioactive chromatography discussed here is not suf- 
ficiently sensitive to enable any analysis to be made of plasma from normal 
controls. It would be necessary to administer large amounts of radioac- 
tivity in order to identify I'*'-labelled compounds on chromatograms, and 
the possibility of radiation effects could not then be ignored. For thyrotoxic 
patients, however, in whom the level of PBI'*' is from 0.5 to 4 per cent of the 
administered radioactivity per liter of plasma, it is possible to determine 
the relative proportions of the different iodinated compounds found. On 
the whole, our results agree well with those reported by other workers 
(8) and are of the order of: 


Not extractable by n-butanol 10-20% 
Thyroxine 40-70% 
Triiodothyronine (when identified) up to 30% 
Free iodide less than 20% 
Iodinated tyrosines (when found) about 5% 


If only about 5 per cent of the PBI'”’ is in the form of iodinated tyro- 
sines, then in an extract of 6 ml. of plasma from a thyrotoxic patient there 
would be .03-.06 ug. of iodinated tyrosines. From this it can be seen that 
the iodinated tyrosines, even if present, will be detected with this method 
in only a small proportion of cases. In a few patients with high levels of 
PBI?’ in the plasma, spots corresponding to diiodotyrosine or even mono- 
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Fic. 1. (a)[Chromatogram of extract equivalent to 6 ml. of plasma drawn forty-eight hours after the 
ministration of 22 me. of I'*. (b) Chromatogram of 6 ml. of the same sample of plasma to which 1.0 yg. of dii 
tyrosine and 1.0 wg. of monoiodotyrosine have been added. (c) Counting record of (b). (d) Film of (b). 
T.H.Y. = Thyroxine. D.I.T. = Diiodotyrosine. M.I.T. = Monoiodoty 

T=Tryptophan. I = Iodide. 


iodotyrosine may be noted before any radioactive substances have been 
given. In other cases, iodinated tyrosines can be demonstrated by counting 
after the administration of 200 ue. of I'*! when they cannot be demon- 


: 
| Gad 
is 


January, 1960 SENSITIVE METHOD FOR IODINATED COMPOUNDS 85 


strated by chemical means. Figure la shows the chromatogram of an ex- 
tract of 6 ml. of plasma from a patient who had been treated with 22 me. 
of I'*! forty-eight hours previously. Figure 1b shows the chromatogram 
from the same plasma sample to which 1.0 ug. of diiodotyrosine and 1.0 
ug. of monoiodotyrosine had been added. 

In the extracts of plasma from normal control subjects, thyroxine, tri- 
iodothyronine, iodide, and sometimes a small amount of an unidentified 
but apparently iodinated compound were detected (Fig. 2). 


Fig. 2. Chromatogram of 4 ml. of normal plasma. 


This iodinated compound was detected by chemical means and does not 
appear to be thyroxine, triiodothyronine, or mono- or diiodotyrosine. It 
was found on several chromatograms from both thyrotoxic and normal 
people. Chromatograms from radioactive plasma confirmed that the 
substance can contain radioactive iodine. 


DISCUSSION 


The combined application of chemical and radioactive techniques for 
the detection of iodinated compounds on paper chromatograms has certain 
advantages in studying the metabolism of thyroid hormone. However, be- 
fore chemical detection could be applied routinely it was thought neces- 
sary to devise a method that was sufficiently sensitive, and not too time- 
consuming. 

A disadvantage of treating chromatograms with ceric sulphate-arsenious 
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acid reagent for the detection of iodinated compounds is the fading of the 
background. After a few days the chromatogram may become completely 
colorless, and even while drying the yellow background tends to fade. In 
some chromatograms it becomes very pale and the definition of iodine 
spots poor. The introduction of a second treatment of the chromatogram 
with a solution of aniline in acetone greatly increases the contrast between 
background and iodine spots. It also facilitates the detection of iodinated 
compounds present in very small amounts, and those producing a weak 
reaction with ceric arsenious-acid solution. Under these conditions the 
reaction between the aniline solution and the ceric sulphate on the chro- 
matogram produces a green background, and the contrast between the 
white iodine spots and background is greatly improved. The background 
does not fade, and the chromatograms may be stored for two to three 
months. A pink spot appears on the chromatograms immediately after 
treatment with ceric sulphate-arsenious acid reagent, and fades to a pale 
pink on standing. Added tryptophane causes a similar color reaction and 
migrates to the same position in the solvent systems used. The lipid con- 
tent of the butanol extracts influenced the subsequent chromatography. 
Areas where lipid-containing material was present were pale brown. When 
a chromatogram was stained for lipids, in a solution of Sudan Black, the 
light brown areas took up the dye strongly. 

Maclagan et al. (6) subjected the butanol extracts of plasma to a series 
of processes for the removal of fats and water-soluble substances. Their 
technique was too laborious to be applied in the investigation of large num- 
bers of patients, and so the system of extraction and chromatography 
previously used in this hospital (3) was retained in the present investiga- 
tion. The extracts applied to the paper consequently still contained appre- 
ciable amounts of lipid. The amount of lipid present varied with the plasma 
extracts. Satisfactory chromatographic separation was'not always ob- 
tained. In good chromatograms the lipid-containing material ran as a dis- 
tinct zone ahead of the thyroxine and triiodothyronine spots, and did not 
interfere with the separation of these compounds (Fig. 2). When the ex- 
tracts had a high lipid content, streaking sometimes occurred and pre- 
vented accurate assessment of the chromatogram. In order to detect the 
small amounts of tyrosines both by chemical and radioactive methods, it 
was necessary to run extracts equivalent to 4-6 ml. of plasma. For the 
detection of thyroxine and triiodothyronine, extracts equivalent to 3-4 
ml. of plasma were satisfactory, and the likelihood of lipid streaking was 
reduced. The sensitivity of the method approached that attained by Stole’s 
(9) modification of Bowden’s method (5) for the detection of thyroxine. 

Apart from its use for the detection of iodinated compounds in non- 
radioactive plasma, the pretreatment of radioactive chromatograms by 
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chemical means is of value when the chromatogram is to be counted for 
radioactivity. The iodinated compounds are detectable without the addi- 
tion of markers, and provide a useful cross-check with the radioactive 
scan. 

We have found, in agreement with other workers, that thyroxine and 
triiodothyronine are the main iodinated compounds in plasma. Under the 
conditions of this investigation, iodinated tyrosines were not usually de- 
tected on the chromatograms. Iodinated tyrosines were, however, found 
both by radioactive and chemical methods in the plasma in certain cases of 
thyrotoxicosis. In a few thyrotoxie patients they were detected by chemi- 
cal methods before any radioactive iodine was given. Their presence was 
subsequently confirmed by both radioactive and nonradioactive methods 
after a tracer of 200 ue. of I'* and again following treatment with I'*'. The 
fact that they were detected before the administration of any radioac- 
tivity supports the hypothesis that they were not produced only as a result 
of irradiation of the thyroid. That they were produced as artefacts during 
thé process of butanol extraction or subsequent chromatography cannot be 
excluded. However, if this be so, it would seem that they are produced only 
in the plasma of certain thyrotoxic patients, and that they consistently ap- 
pear in serial samples from the same patients. When pure thyroxine and tri- 
iodothyronine were added to normal plasma before processing, no iodinated 
tyrosines could be seen on the chromatogram, although the added sub- 
stances could easily be detected. 

Farran et al. (7), using techniques dependent upon the administration of 
radioiodine, found iodotyrosines in the plasma of certain patients suffering 
from thyrotoxicosis. They also found that these patients required larger 
amounts of radioiodine to control the disease. 

The method described, used alone and in combination with techniques 
dependent upon the use of radioiodine, provided useful qualitative informa- 
tion concerning the nature of iodinated compounds in butanol extracts of 
plasma. 

Although iodinated tyrosines were detected in the extracts of plasma 
from only a few cases of thyrotoxicosis, and in very small amounts, their 
presence or absence may be of considerable importance in the study of the 
etiology of thyrotoxicosis. 
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OLIVER H. BEAHRS, M.D., B. MARDEN BLACK, M.D. 
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ABSTRACT 


Of 140 occult papillary carcinomas treated surgically at the Mayo Clinic 
over a 30-year period, 58 were associated with nodal metastasis and 82 were 
found incidental to thyroid operations for other conditions. Of the 58 patients 

~ with nodal metastasis, 4 have died from causes unrelated to thyroid carcinoma 
and 1 patient is untraced. The remainder are alive, without evidence of carci- 
noma, three to thirty-two years after operation. Of the 82 patients without 
metastasis, 11 are dead of known causes other than thyroid carcinoma. The 
remainder are living after periods ranging up to thirty years, and in none is 
either local or distant metastasis known to have developed, although a few 
differences were noted. Histologically, no clear-cut line could be drawn be- 
tween those lesions associated with nodal metastasis and those discovered in- 
cidental to operation for a variety of thyroid disorders. 


HE occurrence of a minute, clinically occult, papillary carcinoma of 
the thyroid gland in association with large cervical nodal metastasis 

is today a well-recognized pathologic entity. Prior to the last decade or so, 
however, much confusion existed in regard to this subject, and in the ab- 
sence of a readily detectable primary lesion the concept of “lateral aberrant 

- thyroid tumor’’ was widely accepted as an explanation for the nodal metas- 
tasis in the neck (1). The correct explanation of this phenomenon (2, 3) 
focused attention on small papillary tumors of the thyroid gland in gen- 
eral, both those found in association with nodal metastasis and those dis- 
covered incidental to surgical treatment for a variety of pathologic condi- 
tions of the thyroid. Study of a group of the latter type with follow-up data 
indicated a benign behavior, and the name ‘“‘nonencapsulated sclerosing 
tumor’ was suggested (4). In a second study, selection of 32 apparently 
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similar cases included 10 with metastasis to regional nodes and the term 
“occult sclerosing carcinoma” was advanced (5). 

Careful study of thyroid glands removed at necropsy has demonstrated 
a surprising incidence of minute papillary lesions which may be identical 
in structure with the tiny primary carcinomas found associated with cervi- 
cal nodal metastasis (6). In addition, more careful examination and sec- 
tioning of small lesions in thyroid glands removed at operation have, in re- 
cent years, provided us with a considerably more frequent diagnosis of 
“occult papillary carcinoma”’ of the thyroid. 

A recent survey of the results of our treatment of papillary carcinoma 
over a 10-year period (7) indicated an exceptionally favorable outlook for 
patients with these small tumors. In the light of the relative scarcity of 
long-term follow-up data on these slowly growing lesions, all small papil- 
lary carcinomas found in surgically treated patients over a 30-year period 
were reviewed. The object of the study was twofold: 1) to compare the 
morphologic features of a group of occult primary papillary carcinomas 
detected by means of nodal metastasis with a somewhat larger group de- 
tected incidentally at thyroid operations of various types, and 2) to obtain , 
long-term follow-up data on both groups and to ascertain whether or not 
rather conservative surgical management has provided satisfactory treat- 
ment. 


MATERIAL AND METHOD 


The selection of cases for the study of “occult papillary carcinoma” involved a care- 
ful review of all papillary carcinomas of the thyroid gland treated surgically at the Mayo 
Clinic over the period 1926 through 1955. All gross specimens were re-examined and 
additional microscopic sections were prepared as necessary. Special attention was given 
to size of the primary tumor, character of the thyroid parenchyma, and size, number 
and appearance of metastatically involved lymph nodes. Most small clinically non- 
palpable papillary carcinomas discovered on the basis of large metastatically involved 
cervical lymph nodes were 3 mm. to 1 cm. in diameter. However, in a few cases the 
primary tumor was somewhat larger and an arbitrary upper limit of size of 1.5,em. in 
greatest diameter was selected. Carcinomas that exceeded this dimension were ex- 
cluded. In a similar fashion, all small papillary carcinomas found by the surgical pathol- 
ogist in thyroid glands resected primarily for nodular goiter, Graves’ disease, thyroiditis 
and so forth were included provided the lesion did not exceed 1.5 cm. in diameter. 
Virtually all such carcinomas in both categories were not palpable on clinical exami- 
nation. In a few cases the primary lesion was clinically detected or suspected by reason 
of its superficial position in the isthmus or pyramidal lobe or near the surface of the 
thyroid gland. These cases were included since they fell within the range of size selected 
as ordinary ‘‘occult” carcinoma. Also included were 6 cases in which large metastatic 
nodal deposits were removed surgically from the neck but in which no thyroid tissue 
was resected. In 4 of these the thyroid lobe on the involved side was actually inspected 
and palpated at the time of operation and called normal. In the other 2 no tumor was 
felt in the thyroid on clinical examination. The majority of these cases were seen in 
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the earlier decades of the study when the concept of “lateral aberrant thyroid” as an 
explanation of the phenomenon of nodal metastasis was widely accepted. 


INCIDENCE 


On the basis of the foregoing criteria, 140 cases of small or occult papil- 
lary carcinoma of the thyroid gland were discovered in the 30-year period. 
Of these patients, 58 (41 per cent) had associated metastasis to the lymph 
nodes when first seen; 82 had no nodal metastasis and their lesions were, 
in the main, discovered incidentally at operations for a: variety of patho- 
logic conditions of the thyroid gland. During this same 30-year period, ap- 
proximately 550 patients with papillary carcinoma were treated surgically 
at the Mayo Clinic. 


AGE AND SEX 


The average age in the entire series was 40.5 years with a range from 6 
to 72 years. The average age of the 58 patients with nodal involvement 
was 34 years, and of those without nodal involvement, 45 years. The dis- 
tribution of the patients by age is shown in Table 1. There were 94 females 
and 36 males. The ratio of females to males was 3:2 for the patients with 
metastasis to the nodes, and 6:1 for those without metastasis. 


CLINICAL FINDINGS 


In general, the presenting symptom of the patients with nodal metastasis 
was that of a lump in the lateral part of the neck. The length of time the 
mass had been present varied from two weeks to eleven years, with an 
average of two years and nine months. In only 2 cases was a goiter present 
TABLE 1. AGE DISTRIBUTION OF PATIENTS WITH OCCULT 
PAPILLARY CARCINOMA OF THYROID 


Metastasis to nodes 
Age (yrs.) 
Yes 

0-9 4 0 
10-19 6 3 
20-29 15 8 
30-39 16 10 
40-49 8 26 
50-59 4 30 
60-69 4 4 
70-79 1 1 


Total 
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in addition to the cervical adenopathy. Clinical examination disclosed the 
goiter in these 2 cases and slight enlargement of the thyroid in an additional 
6 cases. In only 2 cases was the small primary tumor definitely palpable. A 
preoperative histologic diagnosis of papillary carcinoma of the thyroid was 
made on the basis of a cervical node excised elsewhere in 22 cases. In the 
remainder, preoperative impressions included metastatic carcinoma of the 
thyroid, branchial-cleft cyst, malignant lymphoma, tuberculous adenitis, 
indeterminate lymphadenopathy and tumor of the neck. 

The preoperative clinical diagnosis was nontoxic nodular goiter in 46 of 
the patients without nodal metastasis, toxic nodular goiter in 12, Graves’ 
disease in 19, probably thyroiditis in 2, thyroglossal-duct cyst or cyst of the 
neck in 2 and hyperparathyroidism in 1. 


PATHOLOGIC FINDINGS 


Location and multiplicity of lesion. The thyroid gland was available for 
study in 134 of the 140 cases. The carcinoma was in the right lobe in 60 
cases, in the left lobe in 45, in the isthmus or pyramidal lobe in 8, and bi- 
lateral in 3. In the other 18 cases, including 2 cases of multicentric lesions, 
the side involved was not specified and it was not possible to determine 
this from a study of the gross specimen. The lesions were single in 121 cases 
and multiple in 13 cases. In the latter group, 11 patients each had two 
separate small carcinomas, and 2 patients each had three. Data on the 6 
cases in which thyroid tissue was not removed are given later. 

Size of lesion. The range of size in this group of carcinomas is illustrated 
in Figure 1. The smallest lesion associated with nodal metastasis measured 
3 mm. in diameter, and the largest, 1.4 cm. In the patients without nodal 
metastasis the smallest lesion measured 3 mm. in diameter, and the largest, 
1.5 cm. The average diameter of the entire group of 149 small carcinomas 
was 0.76 cm. The average diameter was almost the same in the patients 
with, as in those without, nodal involvement. In the group with nodal 
involvement, 51 (88 per cent) were 1 cm. or less in diameter; in those with- 
out nodal involvement, 71 (87 per cent) were 1 cm. or less in diameter. 

Parenchymal findings. In the patients with nodal involvement the thy- 
roid parenchyma was typically normal on both gross and microscopic ex- 
amination. Two thyroid glands showed the gross nodularity of nontoxic 
nodular goiter and 2 additional glands contained a single adenoma in addi- 
tion to the small papillary carcinoma. Two showed an appreciable degree 
of lymphocytic thyroiditis and 1 presented the typical gross and micro- 
scopic features of Graves’ disease. In 6 cases no parenchyma was available 
for study. 

The major pathologic findings were those of nontoxic nodular goiter in 
22 of the patients without nodal involvement, single adenoma in 12, 
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Fig. 1. Occult papillary carcinoma of thyroid. a. Very small (3 mm.) carcinoma with 
moderate-sized nodal metastatic lesion. b. Very large left jugular nodal metastatic 
lesion with primary lesion 1.4 cm. in greatest diameter. The thyroid lesion was not 
palpable on clinical examination. c. Small lesion (arrows) 0.8 cm. in diameter located 
in thyroid parenchyma adjacent to large fetal adenoma. d. Papillary carcinoma 1.5 em. 
in diameter in a macrofollicular, slightly nodular parenchyma. 


Graves’ disease in 19, toxic nodular goiter in 9, lymphocytic thyroiditis in 
9, and “‘colloid” goiter in 1. In these 72 cases the carcinoma was not palpa- 
ble on clinical examination and was discovered by the surgical pathologist 
on examination of the surgical specimen. In a few cases this was accom- 
plished, not at the time of operation but on review of the specimen in a 
subsequent study. In the remaining 10 cases the thyroid parenchyma was 
virtually normal and the small carcinoma was clinically palpable. In 5 of 
these the tumor was present in the isthmus or pyramidal lobe and in the 
other 5 it was in the superficial portion of the right or left lobe of the thy- 
roid. 
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Nodal metastaszs. Involvement of multiple regional nodes was noted in 
52 of the 58 patients with nodal metastasis, and in the remaining 6 a single 
large node was metastatically involved. In many instances the enlarge- 
ment of nodes was massive, producing a huge aggregate of metastatic tis- 
sue which contrasted in striking fashion with the minute primary car- 
cinoma. The jugular chain was the site involved most frequently, followed 
by the tracheo-esophageal nodes and nodes in the vicinity of the thyroid 
capsule. Rarely, affected nodes were removed from the posterior triangle of 
the neck or upper part of the mediastinum. Bilateral affected nodes were 
removed in 3 cases. On examination the involved nodes measured up to 4 
or 5 em. in diameter, were frequently grossly cystic and papillary, and 
rarely contained foci of calcification. As a rule, the nodes could be readily 
removed from the surrounding tissue. 

Microscopic findings. As is true of ordinary-sized papillary carcinomas 
of the thyroid gland, the microscopic features of these small tumors varied 
considerably. In general, all were unencapsulated tumors showing a pre- 
dominantly papillary, predominantly follicular, or mixed architecture and 
exhibiting a varied degree of sclerosis with or without psammoma bodies 
(Fig. 2). 

An attempt was made to discover any basic histologic differences be- 
tween the group with and the group without nodal metastasis (Figs. 3 and 
4). For this purpose, the lesions were compared and graded as to the degree 
of invasiveness of tumor into the adjacent parenchyma, predominant 
architecture, amount of sclerosis and the presence or absence of ppammoma 
bodies. No appreciable difference in the degree of invasiveness was noted 
between the two groups. In 46 per cent of the patients with nodal metasta- 
sis and in 54 per cent of those without metastasis this factor was graded 
slight, or 1 (on a basis of 1 to 4). In a number of patients with metastasis 
the tumor showed a very slight invasive tendency (Fig. 2d), whereas ap- 
proximately 15 per cent of those not associated with metastasis were strik- 
ingly invasive and were graded 3 on this basis. Approximately 40 per cent 
of primary tumors in both categories were predominantly follicular in 
architecture, and approximately 12 per cent were predominantly papillary 
(Fig. 2). A number of each presented an approximately equal mixture of 
the two components, and 10 per cent of each contained a moderately 
‘solid’? component. Some difference in the two groups was noted with re- 
spect to the presence or absence of psammoma bodies; thus, these were 
present in two thirds of the primary tumors associated with nodal metas- 
tasis but in only one third of those unassociated with nodal deposits. 
Psammoma bodies were seen occasionally outside the tumor, scattered 
throughout the thyroid parenchyma. All such cases were associated with 
nodal metastasis. No appreciable difference in the degree of sclerosis was 


Fig. 2. Occult papillary carcinoma showing variation in architecture and degree of 
invasiveness. a. Small primary carcinoma that is predominantly papillary (X27). b. 
Small primary carcinoma that is predominantly follicular (X50). Almost the entire 
lesion is shown in both a. and b. c. Margin of a small, somewhat sclerotic primary 
lesion with moderate invasion of adjacent thyroid parenchyma (X45). d. Lesion show- 
ing similar degree of sclerosis but very slight invasion (42). All 4 lesions illustrated 
were associated with nodal metastasis. 


Fig. 3. Occult papillary carcinoma. Comparison of lesions with and without metas- 
tasis. Predominantly papillary lesions 3 mm. in diameter associated (a) with nodal 
metastasis (frozen section X23), and (b) without nodal metastasis (X20). c. and d. 
Slightly larger, somewhat circumscribed primary lesion showing (c) moderate sclerosis 
associated with nodal metastasis (8), and (d) similar degree of sclerosis and narrow 
rim of normal thyroid tissue but without nodal metastasis (X13). 


January, 1960 OCCULT PAPILLARY CARCINOMA OF THE THYROID 


Fig. 4. Occult papillary carcinoma. Comparison of lesions with and without metas- 
tasis. Main tumor (a) and margin of small papillary carcinoma (b) in Graves’ disease. 
Metastasis present in this case. c and d. Low-power (X33) and high-power (X125) 
views in another case of Graves’ disease with small papillary carcinoma. Metastasis was 


absent. 
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seen in the two groups, this factor being graded 3 in approximately 25 
per cent of each group. A larger number of patients without metastasis 
showed a zone of sclerosis immediately surrounding the tumor (Fig. 3b). 
However, a considerable number of patients with metastasis showed a 
similar sclerotic zone (Fig. 2d). The presence of “‘thyroiditis,” that is, an 
infiltration with plasma cells and lymphocytes within the papillary tumor, 
was seen only in patients without metastasis. 


Fia. 5. Bilateral occult papillary carcinoma. a. Primary lesion 1 cm. in diameter in 
right lobe. Lesion removed along with right metastatic nodes in 1944°*( <8). b. Pri- 
mary lesion 0.3 em. in diameter in left lobe. Lesion removed along with left metastatic 


nodes in 1956 (X15). . 


In summary, it was observed that there was marked variation in all the 
factors listed in patients with nodal metastasis and that there was a similar 
spectrum of architecture, sclerosis and so forth in those without metastasis. 
It was not considered feasible to attempt a separation of the two on a 
histologic basis. In Figure 5 are shown 2 lesions removed from the right and 
left lobes of the thyroid with an interval of twelve years. Neither is par- 
ticularly impressive as to invasiveness, they vary markedly in degree of 
sclerosis, and yet both lesions were associated with bulky metastatic 
growths in the regional nodes. 

In almost 50 per cent of cases the nodes sectioned were of predominantly 
papillary architecture, with psammoma bodies seen in two thirds of the 
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Fig. 6. Occult papillary carcinoma with nodal metastasis. a. Common pattern show- 
ing marked papillary structure with psammoma bodies (X33). b. Uncommon “‘be- 
nign” pattern showing macrofollicular architecture with a few papillary infoldings (33). 


cases (Fig. 6a). In a smaller number of cases the nodes were predominantly 
follicular, and occasionally a macrofollicular pattern was observed, with 
an unusually benign appearance approaching that of macrofollicular thy- 
roid tissue (Fig. 6b). In approximately 10 per cent of cases a solid pattern 
was prominent. 


SURGICAL TREATMENT 


The treatment given 82 patients in whom no nodal metastasis was 
demonstrated is summarized in Table 2. In 52 cases the procedure was sub- 
total lobectomy, either unilateral or bilateral, in 7 lobectomy, and in 23 
double resection (lobectomy on the side of the lesion). The lymph nodes 
were not dissected out in these cases. 

For the patients with enlarged cervical nodes (Table 2), the procedure 
was total lobectomy in‘31, double resection (lobectomy on the side of the 
lesion) in 10, and total thyroidectomy in 2. Nine patients seen in the 
earlier years represented by the study underwent unilateral or bilateral 
subtotal resection. Six patients had no operation on the thyroid and are 
discussed later. A modified dissection of the neck, with preservation of 
the jugular vein and sternocleidomastoid muscle, was carried out in 54 pa- 
tients, 2 of whom underwent bilateral nonsimultaneous procedures. The 
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TABLE 2. TREATMENT IN 140 CASES OF OCCULT PAPILLARY CARCINOMA OF THYROID 


Treatment 


Nodal Total Subtotal Double Dissection 
metas- | cases lobectomy Lobec- | resect. | Total of neck 
tasis tomy and thyroid- 


Unilat.*| Bilat. lobect. ectomy | Modified| Radical 


No 82 11 41 23 0 0 
Yes 58T 6 3 31 10 2 54t 4 


2 54 


33 


140 AT 44 


Total 


* Only isthmus removed in 4 cases. 
t No thyroid tissue removed in 6 cases. 
t Bilateral cervical metastatic nodes removed in 2 cases. 


extent of nodal dissection varied greatly in these 54 cases; in 4, radical dis- 
section of the neck was performed. ; 

Subsequent surgical procedures. No further surgical procedure on the 
neck was performed in the 82 patients without nodal involvement. No 
subsequent nodal enlargement was observed on return visits, nor was any 
such enlargement mentioned in the follow-up data received by letter. 

Seven patients with nodal involvement underwent subsequent removal 
of nodes at varying intervals after the initial operation (Table 3). Two of 
these had an apparent second primary lesion on the opposite side removed 
along with involved nodes on the second side, at intervals of four years and 
twelve years, respectively. The remaining 5 patients had subsequent re- 
moval of affected nodes on the same side. Data on the cases in which the 
thyroid was not removed are provided later. . 


COURSE OF DISEASE 


Patients with nodal metastasis at operation. Of the 58 patients with nodal 
metastasis, 53 are living, 4 are dead and 1 is untraced. The 4 deaths oc- 
curred at intervals of twenty-four years, ten years, six years and six 
months, respectively, after surgical treatment and were from causes unre- 

- lated to the thyroid. Information on the current status of 52 of the 53 living 
patients was available either through return visits or letters up to the 
latter part of 1958 or early 1959, thus providing a maximum of thirty-two 
years of observation. One patient was living at the end of twenty years, but 
subsequently has not been traced. Data on 7 patients having further surgi- 
cal treatment for nodal metastasis during this period of observation are 
given in Table 3. No known distant metastasis has developed and no pa- 

tient has known recurrent carcinoma. The duration of observation of the 

53 living patients is as follows: thirty years or more, 3 patients; twenty to 


j 

= 

| | 
38 — 4 


January, 1960 OCCULT PAPILLARY CARCINOMA OF THE THYROID 


TABLE 3. SUBSEQUENT SURGICAL PROCEDURES IN OCCULT 
PAPILLARY CARCINOMA OF THYROID 


101 


Original operation (date) 


Subsequent procedures 


Alive and 
well 


Total rt. lobect., removal of 
rt. cervical node (1931) 


Rt. nodes removed elsewhere 
(1932) 


1958 


Total rt. and subtotal 1. lo- 
bect., modif. dissec. of neck on 
rt. (1942) 


L. nodal dissec. and |. thyroid 
remnant removed (1946). Two 
]. nodes removed in different 
months (1947). Rt. post.-tri- 
angle node removed (1949) 


Subtotal rt. lobect., dissec. of 
post.-triangle nodes (1944) 


Total |. lobect. and |. modif. 
nodal dissec. (1956) 


Total lobect., modif. dissec. of 
neck on left (1946) 
s 


Node in |. sternomastoid region 
removed (41947) 


Total rt. lobect. with dissec. of 
rt. post.-triangle nodes (1950) 


Rt. upper deep cerv. node re- 
moved (1958) 


Total rt. lobect. with modif. 
dissec. of neck (1951) 


Rt. post.-triangle nodes removed 
(1951). Submental nodes re- 
moved (1952). Suprasternal 
node removed (1955) 


Rt. jugular node removed (1953) 


dissec. of neck (1952) 


twenty-nine years, 4; fifteen to nineteen years, 3; ten to fourteen years, 13; 
five to nine years, 20; four to five years, 8; and three to four years, 2. 

Patients without demonstrable metastasis. Of the 82 patients without 
nodal metastasis at the time of operation, 71 are living and 11 are dead. 
The 11 deaths occurred one to thirty years after operation, all of causes 
unrelated to the thyroid carcinoma. No patients are known to have had 
either local or distant metastasis. The duration of observation of the 71 
living patients is as follows: thirty years or more, 2 patients; twenty-five 
to twenty-nine years, 3; twenty to twenty-four years, 2; fifteen to nineteen 
years, 4; ten to fourteen years, 14; five to nine years, 22; and two to four 
years, 24. 


CASES IN WHICH THYROID TISSUE WAS NOT REMOVED 
AT INITIAL SURGICAL PROCEDURE 


Case 1. A 34-year-old woman had noticed an enlarged node in the right side of the 
neck for three and a half years. The thyroid gland was not palpable on clinical examina- 


2 | 1958 
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5 1959 
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tion. Operation performed in November 1926 consisted of removal of a right cervical 
node 4 cm. in diameter which showed metastatic papillary carcinoma of thyroid origin 
(Fig. 7). The lesion was considered a “lateral aberrant thyroid.” The right lobe of the 
thyroid appeared normal and was not disturbed. Radium treatment was given post- 
operatively. In June 1955, twenty-eight and a half years later, a total right and sub- 
total left lobectomy was carried out for nodular goiter. Serial block sections were made. 
At the capsular area in the right lobe adjacent to the site of previous metastasis a 
sclerotic region a few millimeters in diameter and containing psammoma bodies was 
seen, but no more definite evidence of a primary lesion could be located. No associated 


Fia. 7. (Case 1). a. Photograph of single metastatically involved right cervical lymph 
node removed in 1926. Thyroid (drawing) normal and not resected until 1955. b. 
Histologic section of node showing mixed papillary and follicular architecture (105). 


enlargement of lymph nodes was found. The patient was well in August 1958, almost 
thirty years after initial treatment. 

Case 2. A 16-year-old girl had noticed large right cervical nodes for five years. The 
preoperative clinical impression was tuberculous adenitis. At operation in December 
1926, a huge mass of enlarged right cervical nodes was removed (Fig. 8a). The thyroid 
gland was described as normal and was not disturbed. Pathologic examination revealed 
at least 10 involved nodes, the largest measuring 4 by 2.5 by 2 em. Microscopically the 
architecture was that of mixed papillary, follicular and solid carcinoma of thyroid 
origin (Fig. 8b). The patient received postoperative radium therapy. The answer to a 
follow-up letter in January 1956 indicated that she was alive and well twenty-nine 
years after operation. 

Case 3. A 38-year-old man had noticed enlarged right cervical nodes for four years. 
The thyroid gland was not palpable. At operation in January 1928, a huge mass of in- 
volved nodes was removed from the upper deep jugular region. The thyroid gland was 
considered normal and was not resected. The patient received postoperative roentgen 
therapy. He was known to be alive and well twenty years later, but has since been 
untraced. 
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Case 4. A 33-year-old woman had noticed enlarged left cervical nodes for seven years 
The clinical diagnosis was cervical adenitis. The thyroid gland was not palpable. At 
operation in October 1926, a large mass of nodes extending from the mastoid region 
to the clavicle was removed. The thyroid appeared normal and was not disturbed. 
Pathologic examination revealed huge well-encapsulated nodal metastatic masses, the 
largest measuring 5 by 4 cm. The patient received roentgen therapy to the neck post- 
operatively. She remained well without further trouble and died of cancer of the breast 
in 1952, twenty-six years after operation on the thyroid. 

Case 5. An 8-year-old girl had had enlargement of cervical nodes bilaterally for four 


Fig. 8. (Case 2). a. Photograph of huge mass of metastatically involved right cervical 
lymph nodes removed in 1926. Thyroid (drawing) normal and not resected. b. 
Histologic section showing papillary and follicular architecture of nodal metastatic 
lesion. The patient was well twenty-nine years later (75). 


months. The thyroid gland was not palpable. The preoperative diagnosis was lymphoma 
(?). In August 1934, a left posterior cervical node was removed. The original diagnosis 
was high-grade metastatic carcinoma, later revised to grade 1 papillary and follicular 
carcinoma of thyroid origin with a prominent solid component (Fig. 9). Because the 
lesion was considered highly anaplastic, roentgen and radium treatment was instituted. 
In January 1937, a second cervical! lymph node from the left and one from the right were 
removed. These showed metastatic papillary carcinoma of thyroid origin. In October 
1937, a sharply defined area of destruction in the frontal bone and questionable destruc- 
tion of the body of the second lumbar vertebra were seen. Extensive x-ray and radium 
treatment was given. The bony defect in the skull gradually filled in and on October 25, 
1938, the x-ray appearance of the skull was normal. The patient returned for periodic 
examinations. When last seen in February 1958, twenty-four years after the original 
diagnosis, she was well and had no evidence of disease. 

Case 6. A 20-year-old man had noticed enlarged nodes in the right cervical region for 
six years. A preoperative diagnosis of tuberculous adenitis was made. On April 7, 1938, 
two large right cervical lymph nodes were removed, followed by removal of two addi- 
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tional involved nodes from the right side a month later. Pathologic examination re- 
vealed papillary carcinoma of thyroid origin. The patient returned to his home in South 
America and has been lost to follow-up. 


COMMENT 


Although a longer period of observation is necessary in the more recent 
cases, the data at hand suggest that occult papillary carcinoma, with or 
without nodal metastasis when first discovered, is an unusually curable dis- 


Fig. 9 (Case 5). Histologic section 
of metastatically involved node re- 
moved in 1934. Thyroid was not 
removed. Patient was free of dis- 
ease in 1958 (X130). 


ease. In no patient of this series was there known development of proved 
distant metastasis nor residual carcinoma at last report. 

There are, in general, two main threats to life in papillary carcinoma of 
the thyroid, namely, local recurrence in the midline of the neck and distant 
‘metastasis, especially to the lungs or bones. The good results with respect 
to local recurrence in the group under study is understandable by virtue of 
the ease with which wide removal of the primary tumor may be accom- 
plished. The complete absence of proved distant metastasis in the group, 
even with extremely bulky nodal spread, was an unexpected but perhaps 
not too surprising finding, when the low incidence of such spread in papil- 
lary thyroid cancer of more conventional type is considered. 
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The course of the disease in patients in whom no operation on the thy- 
roid was performed provides some grounds for speculation that these 
tumors may be basically different in their biologic behavior from that of 
ordinary papillary carcinoma. Five of the 6 patients in this group were 
traced for periods ranging up to thirty-two years, and no further recur- 
rence or metastasis was demonstrated. Case 1 is particularly interesting in 
this regard in that the gland was available for study twenty-eight and a 
half years after the large lymph node was removed, and only a scarred area 
with psammoma bodies was detected. All 5 patients were given postopera- 
tive roentgen or radium therapy. In Cases 1, 3 and 4, current dosage esti- 
mates suggest that the amount of irradiation received to the thyroid was 
not in the therapeutic range. In Cases 2 and 5, effective therapeutic irradia- 
tion was administered, according to current assessment of dosage. One 
must assume in Cases 1, 3 and 4 either that the minimal radium or x-ray 
treatment given was the effective agent in influencing the course of the dis- 
ease, or that the carcinoma lacked the potential for further growth and 


metastasis. 
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“METABOLIC INSUFFICIENCY”: A DOUBLE-BLIND 


STUDY USING TRIIODOTHYRONINE, THYROXINE 
AND A PLACEBO: PSYCHOMETRIC EVALUATION 
OF THE HYPOMETABOLIC PATIENT* 


MARVIN E. LEVIN, M.D. 


The Metabolism Division of the Department of Medicine, Washington University School of 


Medicine and the Washington University Clinics, St. Louis, Missouri 
ABSTRACT 


Triiodothyronine has been recommended in the treatment of ‘‘metabolic 
insufficiency,”’ a syndrome characterized’ by a low basal metabolic rate, a 
normal level of serum protein-bound iodine, and a normal thyroidal uptake of 
radioactive iodine. Only 22 patients fulfilling the foregoing criteria were found in 
a busy out-patient department during the year of investigation; 18 (11 females 
and 7 males) were available for detailed study. The average age was 35 years. 
The most common complaints were nervousness, fatigue and weakness. In 10 
patients, the Minnesota Multiphasic Personality Inventory test showed a 
high degree of abnormality, with responses suggesting depressive, hypochon- 
driacal and schizoid traits. The basal metabolic rate averaged —21 per cent, the 
serum protein-bound iodine level 5.2 ug. per 100 ml., and the thyroidal I'*' up- 
take 23 per cent. Thyroxine (0.1 mg.) triiodothyronine (.025 mg.) and lactose 
were given in the form of coded tablets which were identjcal in appearance. 
Their identity was not disclosed until after completion of the study. Patients 
assigned to treatment groups by rotation received one tablet daily for one week, 
two tablets daily during the second week, and three tablets daily for the next 
two weeks. No significant differences in basal metabolic rates or in symptoms 
were observed during treatment. Subsequently, the medication in 8 patients 
was changed, without their knowledge, to the second and then the third drug. 
The correlation between the type of therapeutic agent used, the basal metabo- 
lic rate, and the patient’s complaints was poor. Therefore, no support for the 
specifie use of triiodothyronine in the metabolic insufficiency syndrome was 
demonstrated. 


‘s ETABOLIC insufficiency” (1), also known as ‘“‘non-myxedematous 


hypometabolism” or “euthyroid hypometabolism”’ (2, 3), has been 


‘characterized as a clinical syndrome associated with a low basal metabolic 


rate and many symptoms similar to those of hypothyroidism. In this syn- 
drome, unlike hypothyroidism, the serum concentration of protein-bound 
iodine (PBI) and the thyroidal uptake of radioactive iodine (I'*!) are 
within the normal range, and treatment with desiccated thyroid or thyrox- 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 


106 


. 


January, 1960 “METABOLIC INSUFFICIENCY” 107 


ine does not increase the basal metabolic rate significantly or relieve the 
symptoms. 

Recently, renewed interest in this condition has followed the papers of 
Kurland, Hamolsky and Freedberg (2, 3) wherein they reported 4 patients 
with “nonmyxedematous hypometabolism.” These patients failed to re- 
spond by an increase in basal metabolic rate or by improvement in their 
symptoms of fatigue, lethargy and nervousness, to treatment with as 
much as 5 grains of desiccated thyroid a day. By using triiodothyronine 
alone or in combination with desiccated thyroid, these investigators re- 
ported striking clinical improvement accompanying a rise in the basal 
metabolic rate in all 4 patients. Although placebos were used as control 
medication, a “double-blind” study was not carried out. This would seem 
indicated in a group of patients with so many symptoms suggestive of 
neurasthenia. 

In surveying our patients with hypometabolism it soon became evident 
that cases without hypothyroidism were not as common as might be im- 
plied by the number of papers reporting favorable effects of triiodothy- 
ronine in series as large as 51 cases of this syndrome (1, 4, 5). Moreover, 
clinical improvement in our patients treated with triiodothyronine was 
not always obtained nor sustained. Skepticism concerning the effectiveness 
of triiodothyronine treatment in this syndrome was also supported by a re- 
cent editorial by Keating (6) and by several editorials that appeared in 
The Lancet (7, 8) which suggested the need for a ‘‘double-blind”’ study. 
This paper reports such an investigation, using sodium-l-thyroxine, 
sodium-l-triiodothyronine and a lactose placebo. 


CLINICAL MATERIAL AND METHODS 


Only 22 cases fulfilling the criteria for a diagnosis of ‘‘metabolic insufficiency” were 
found in the busy Washington University clinic population in a twelve-month period, 
from September 1957 to September 1958. Of these 22 patients, 18 were available for 
detailed study. The sex distribution was 11 females to 7 males. The ages varied from 
16 to 50 years, with an average age of 35. There were 11 Caucasians and 7 Negroes. 
The average weight for the group was 155 pounds; the weights had been stable in the 
year prior to the study. 

Only those patients were included who had a BMR of —15 per cent or below, and a 
normal thyroidal I'*! uptake and serum PBI level. They were further investigated by a 
questionnaire concerning the usual and more frequent symptoms associated with hypo- 
thyroidism, as well as all other pertinent physical and laboratory data. A comparison 
was made between the percentages of occurrence of symptoms in our hypometabolic 
group (22 patients) and in Lerman’s group with myxedema (77 patients) reported by 
Means (9). 

The frequency of complaints of nervousness and other neurasthenic symptoms sug- 
gested that there might be an abnormal psychologic pattern in these cases. In order to 
investigate this possibility, 10 hypometabolic patients were evaluated by means of 
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psychometric testing using the Minnesota Multiphasic Personality Inventory test (10). 
Five were given the test before treatment, and 5 after treatment. This test provides a 
method of eliciting a patient’s personal thinking and feeling by tabulating his responses 
to a large number of statements reflecting a wide variety of psychiatric disturbances. 
It includes three scales for assessing the patient’s attitudes toward test taking, and 
-nine scales for responses in psychiatric conditions, including hypochondriasis, depres- 
sion, hysteria, psychopathic deviation, masculinity-femininity, paranoia, psychasthenia, 
schizophrenia, and manic states. 

Most patients in this study were aware that they had a “low metabolism” and that 
this was related to thyroid function. They were told, therefore, only that they had a 
“low metabolism” and were being given a special form of “thyroid” to correct it. All 
patients were seen, treated, and evaluated by the author. The drugs were known by 
code number only and the medication was not*marked in any way. The code was not 
broken until the completion of the study. 

The triiodothyronine was prepared in 0.025-mg. tablets and the thyroxine in 0.1-mg. 
tablets, these doses being generally accepted physiologic equivalents. All three medica- 
tions were in the form of small white tablets, identical in appearance. Medications were 
given as folllows: one tablet a day for one week, then one tablet twice a day during the 
second week, and finally one tablet three times a day for an additional two weeks. 
The patients had received no therapy prior to that given in this study. Re-evaluation of 
the symptoms, BMR, pulse, blood pressure and weight were made at the end of the 
one-month period. 

After treatment for a month or longer, the medication in 8 patients was changed to 
the second, and subsequently to the third preparation, always in a dosage of one tablet 
three times a day. At the time of drug change, patients believed they were simply being 
given an additional supply of medication, and the shift to another drug was made com- 
pletely without their knowledge. The nature of the new drug was unknown to the in- 
vestigator. The basal metabolic rate and clinical status were appraised periodically 


with each form of medication. 


RESULTS 


The incidence of symptoms in myxedema as tabulated by Lerman (9) 
and the incidence noted by us in the hypometabolic patients are compared 
in Table 1. Of the various symptoms considered, only weakness, fatigue, 
nervousness and constipation occurred in the hypometabolic group with a 
frequency approximating that in myxedema. Other symptoms such as cold 
intolerance, dry skin and coarse or falling hair were observed much less 
often than in myxedema. In contrast, complaints of nervousness were 
present in 91 per cent of the hypometabolism group as compared with only 
35 per cent of the myxedema group. 

The clinical characteristics, symptoms, and BMR prior to therapy and 
after one month’s treatment, as well as the other pertinent laboratory data, 
are recorded in Tables 2, 3 and 4. 

In the 18 patients studied the following normal values (average) were 
found: hemoglobin 13.9 mg. per 100 ml.; serum cholesterol, 219 mg. per 
100 ml.; serum PBI 5.3 yg. per 100 ml.; and thyroidal I'** uptake 23.5 per 
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TABLE 1. FREQUENCY OF SYMPTOMS IN HYPOMETABOLISM (OUR SERIES) 
AND MYXEDEMA (LERMAN’S SERIES*) 


Per cent of 22 cases | Per cent of 77 cases 
of hypometabolism in of myxedema in 
Symptom which symptom which symptom 
occurred occurred 


1. Nervousness 91 35 
2. Fatigue 82 91 
3. Weakness te 99 
4. Constipation 72 61 
5. Cold intolerance 41 89 
6. Dry skin 13 97 
7. Decreased sweating 10 89 
8. Coarse hair 5 76 


* See Means, J. H. (9). 


cent. Only the BMR was abnormal, the average for the 18 patients being 
—20.7 per cent. 

After one month’s treatment, the majority of patients in each group re- 
ported that they had less weakness and more energy, less fatigue and less 
nervousness. 

To compare the differences in these subjective symptoms before and 
after treatment with the test medications, values of zero, 1 plus, 2 plus or 3 
plus were assigned to the varying degrees of severity of the symptoms. 
Since these numerical ratings cannot have perfect mathematical rela- 
tionships with one another, a non-parametric statistic must be used in 
evaluating them (11). By this analysis, no significant differences in the ef- 
fects of the drugs could be demonstrated, P being in excess of 0.5 (Table 5). 

There was little change in weight and blood pressure. The only signifi- 
cant difference was an increase in the pulse rate with thyroxine (Table 5). 
Although in most patients there was some improvement in the basal 
metabolic rate, there was no significant difference between the effects of 
the three preparations (Table 5). 

Only 1 patient had to be dropped from the study because of complaints 
of increased nervousness. She had received the lactose placebo for one week. 

Graphic representations of the effects of the three different drugs in the 
same patient on the BMR and on the clinical picture are illustrated in Fig- 
ures 1, 2 and 3. These cases were selected to show that changes in the degree 
of energy, fatigue and nervousness may not always parallel the changes in 
BMR, and that administration of a lactose placebo, as well as thyroxine 
or triiodothyronine, may be associated with an elevation of the BMR and 
an improvement in the subjective state. 
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Placebo 


Very Very Feels Feels Feels Sl. 


Fatigued & | Somewhat the Some 


Nervous Better as Before | Before 


Triiodothyronine 


Continues 
Better than Feel 


Well 


Volume 20 


Thyroxine 


Has Less 
Pep Now 


T 
BeforeR O 4 


TIME ( WEEKS) 


Fia. 1. Patient A.W. (male). Effects of triiodothyronine, thyroxine and a lactose placebo, 
given by the “double-blind” technique, on the BMR and clinical state. 


With the Personality Inventory test, these patients had scores high in 
scales of hypochondriacal, depressive and schizoid traits. That is, they had 
responses in these categories similar to those which would be made by pa- 
tients with known psychiatric diagnoses. The responses toward test-taking 


Triiodo- 
thyronine 


Fatigued & | Much Imp. & 
Very Slightly 
Nervous Nervous 


Placebo 


Continues 
to do Well 


Thyroxine 


+3 


Less Energy 


Placebo 


Again Feels 
Better 


Before 


te) 
TIME (WEEKS) 


Fig. 2. Patient L.N. (female). Effects of triiodothyronine, thyroxine and a lactose 
placebo, given by the “double-blind” technique, on the BMR and clinical state. 
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itself were normal. The observed pattern indicated no specific psychiatric 
diagnosis, but did show signs of general psychiatric maladjustment. 
Despite the fact that many patients showed some increase in the BMR 
and definite clinical improvement at some time during the course of study, 
the personality profile remained virtually unchanged after treatment. 


DISCUSSION 


Vigorous advertising and several papers reporting large numbers of pa- 
tients with the symptoms of metabolic insufficiency have implied that this 


Placebo Triiodothyronine Thyroxine 


nk 


Very Fatigued &| Greatly Moderate | Again Feels Tired & | Feels Mod. Relapse 
Very Nervous improved Recurr. of | Very Well Nervous Better Tired & Ner- 
Symptoms Again Again vous Now 
qT T T T 


TIME (WEEKS) 


Fig. 3. Patient C.A. (female). Effects of triiodothyronine, thyroxine, and a lactose 
placebo, given by the “double-blind” technique, on the BMR and clinical state. 


is a common condition. Thus, Fields (4) reported 40 cases of ‘‘metabolic 
insufficiency.’”’ However, the basis for the diagnosis was unclear, as the 
diagnostic criteria employed were not enumerated. Morton (5) reported 51 
patients with “‘metabolic insufficiency,” 46 of whom were said to have been 
relieved by triiodothyronine, although no controls such as placebo medica- 
tion or double-blind technique were used. All of his patients, however, 
could not be classified as hypometabolic, as some had basal metabolic 
rates as high as +2 per cent. Moreover, Freedberg et al., (who have been 
largely responsible for renewal of interest in this syndrome) in the past few 
years could find only 15 patients with the condition as they define it (12). 

The 22 hypometabolic patients reported here were found during a one- 
year period in a university clinic in which 10,141 new patients were seen 
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during the year. Of these, 2,290 were new medical patients. Thus the 22 pa- 
tients who fulfilled all of the necessary criteria for a diagnosis of “‘metabolic 
insufficiency” represented approximately a 1 per cent incidence of the 
syndrome among the medical patients seen in this clinic. 

This investigation has made no attempt to define the syndrome of ‘‘met- 
abolic insufficiency” or ‘euthyroid hypometabolism” on a physiologic 
basis. It has been suggested that in these patients there is a defect in the 
penetration or activation of thyroxine in the cells, which is circumvented 
by triiodothyronine (3). However, to date, there has been no biochemical 
evidence that thyroxine degradation is abnormal. Although the fractional 
thyroxine turnover rate is slower in many of these hypometabolic patients, 
the amount of thyroxine degraded per day is normal (13). 

Certain of the data compiled in this study indicate that there is no end- 
organ or cellular deficiency of active thyroid hormone in these patients. 
If there were, the clinical picture should resemble myxedema more closely. 
Despite careful questioning and detailed observation, we could find only a 
few patients in this group with complaints and physical signs compatible 
with a true decrease in cellular function, e.g., dry hair, dry skin, decreased 
sweating, or a slow pulse. In addition, anemia, an elevated serum choles- 
terol level, and laboratory findings common in thyroid deficiency, were not 
present. 

The abnormal personality patterns shown by these patients raises the 
question of the relationship between the BMR, clinical picture, and psy- 
chologic state. One possibility is that the low metabolic rate accounts for 
the abnormal personality, as it is known that a variety of abnormal emo- 
tional states are associated with myxedema (14, 15). However, the fact 
that even after an increase in the BMR and improvement in the clinical 
state, the personality profile remained unchanged, suggesting that the 
low metabolic rate is probably the effect of, and not the cause of the ab- 
normal psychologic state. The exact relationship between the emotional 
state and the BMR is worthy of further investigation. 

No support or specific indication for the use of triiodothyronine in this 
syndrome was demonstrated in this study. Further, the greater degree of 
improvement occasionally obtained with a lactose placebo as compared to 
the biologically active compounds, thyroxine and triiodothyronine, in the 
same patient is additional confirmation of the lack of a significant differ- 
ence between the effects of these preparations in this particular syndrome. 

It is concluded that the term “‘metabolic insufficiency” is vague and mis- 
leading and might well be dropped. In patients with the syndrome indi- 
cated by this diagnosis there is probably no discrete biochemical lesion, 
but instead, an underlying psychologic disorder not directly involving the 
thyroid. 
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DEPRESSION OF THE SERUM CHOLESTEROL 
LEVEL IN MYXEDEMATOUS PATIENTS BY 
AN ORAL DOSAGE OF SODIUM DEXTRO- 
THYROXINE WHICH HAS NO EFFECT 
ON THE BASAL METABOLIC RATE 
OR ELECTROCARDIOGRAM*f 


PAUL STARR, M.D. 


The University of Southern California School of Medicine and 
Los Angeles County Hospital, Los Angeles 33, California 


ABSTRACT 

In the previous studies, it was found that high dosage (10 mg. daily) of 
sodium dextro-thyroxine raised the metabolic rate and lowered the serum 
cholesterol level without an initial effect on the electrocardiogram. This was 
taken as pharmacologic evidence that the dextro-thyroxine was actually free of 
contamination by the levo-isomer. From 1 to 2 mg. a day, in 3 successive 
cases of untreated myxedema lowered the serum cholesterol level in three or 
four weeks from 500 to 300, 330 to 215 and 375 to 280 mg. per 100 ml., without 
raising the basal metabolic rates, which were, at the end of the study, respec- 
tively, —36, —40 and —40 per cent. The electrocardiograms alse remained un- 
changed. These results suggest that the metabolic pathway by which dextro- 
thyroxine or its products produces the reduction in serum cholesterol concentra- 
tion is independent of that by which it raises the BMR or potentiates the ECG. 


ESULTS of administration of sodium dextro-thyroxine! in a dosage 

of 10 mg. daily to a myxedematous patient has been reported pre- 
viously (1). In this patient, the basal metabolic rate rose from —35 to —15 
per cent, and the serum cholesterol concentration fell from 600 mg. to 282 
mg. per 100 ml. in eighteen days. There was no effect on the electrocardio- 
gram, yet the dosage was about 100-fold that of the levo-thyroxine com- 
monly used in the treatment of myxedema. This seemed to indicate that 
sodium dextro-thyroxine was free of contamination by the levo-isomer. 
The question then arose as to whether or not the reduction of the serum 
cholesterol level by dextro-thyroxine was necessarily associated with an 
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increase in the basal metabolic rate. We have been able to show in the fol- 
lowing 3 patients that this is not the case. 


CASE ABSTRACTS 
Case 1 


Mrs. Rosario V., a 46-year-old Mexican housewife, had spontaneous untreated myxe- 
dema. After several trials, the basal metabolic rate was found to be —35 per cent, the 
serum protein-bound iodine (PBI) level 1.5 yg. ‘per 100 ml., and the serum cholesterol 
level 500 mg. per 100 ml. On September 25, 1958, a daily oral dose of 1 mg. of sodium 
dextro-thyroxine was prescribed. On October 28, the BMR was still —36 per cent, but 
the serum cholesterol level was 310 mg. per 100 ml. (Fig. 1). There was no effect on the 
electrocardiogram at this time, after thirty-three days of medication (Fig. 2). After 


MR CHOLESTEROL sepre 1958 NOVEMBER 1958 
LOwem ora. NA. DEXTRO -THYROXINE 
+10 450 LEAD I 

350 

200 has not risen 
Rosario PBL PBL After 33 Days Medication 

40; DATE 
Cholesterol from 500 to 310 
THYROXINE DAILY BMR from -35 to -36% 


- Fig. 1. Effect of 1 mg. of sodium dextro- Fig. 2. ECG, Lead II, in Case 1 after 
thyroxine daily in Case 1. Note the rapid _ thirty-three days of treatment with 1 mg. 
reduction of serum cholesterol concentra- daily of sodium dextro-thyroxine by 
tion without a rise in the BMR. mouth. 


eighty-two days of medication, the dose having been increased to 3 mg. daily, the 
BMR was —20 per cent, the serum cholesterol level had decreased further to 230 mg. 
per 100 ml., and the ECG showed small T waves. 


Case 2 


Mr. Myron B., a white 59-year-old male with spontaneous untreated myxedema, had 
a basal metabolic rate of —40 per cent, a serum PBI level of 1.5 ug. per 100 ml., and a 
serum cholesterol level of 330 mg. per 100 ml. On December 18, 1958, sodium dextro- 
thyroxine was started in a dosage of 2 mg. daily by mouth. After thirty days of this 
medication the basal metabolic rate was still —40 per cent, and the serum cholesterol 
concentration was 215 mg. per 100 ml. (Fig. 3). At this time the electrocardiogram 
showed no potentiation (Fig. 4). 


Case 3 


Mrs. Sidonia E. (Fig. 5), a 79-year-old German woman, had almost complete hypo- 
thyroidism. The serum PBI level ws 2.0 ug. per 100 ml. and the thyroidal I" uptake 
was 12.5 per cent. The ECG was not completely flat, and her mental and physical 
condition was not myxedematous, nevertheless the BMR on three occasions was —40 
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300 Note fall of Cholesterol 

-30 150 8 BMR. has not risen x 

B. 

Myron B. PBL Bue After 32 Days Medication 
Cholesterol from 330 to2/5 mem. « 
BMR from -34 to -40% 


THYROXINE DAIL 


Fig. 3. Effect of 2 mg. of sodium dextro- Fig. 4. ECG, Lead II, in Case 2 after 
thyroxine daily in Case 2. Note the rapid _ thirty days of treatment with 2 mg. daily 
reduction of serum cholesterol concentra- of sodium dextro-thyroxine by mouth. 
tion without a rise in the BMR. 


per cent and the serum cholesterol level was about 375 mg. per 100 mi. During treat- 
ment with 2 mg. of sodium dextro-thyroxine daily the serum PBI level rose to over 20 
ug. per 100 ml. and the serum cholesterol level fell in six weeks to 280 mg. per 100 ml., 
but the BMR was still —40 per cent. An apparent temporary rise to —20 per cent at 
three weeks may have been false or, if actual, due to the temporary summation of small 
amounts of levo-thyroxine in the tissues along with the dextro-thyroxine. 


DISCUSSION 


The possibility that a dose of levo-thyroxine may yet be found that is 
not calorigenic in myxedema and that will lower the serum cholesterol 
level without raising the BMR, cannot be excluded. However, this may be 
difficult, since the basal metabolic rate in myxedema is easily increased by 
small doses of levo-thyroxine. In the euthyroid person, on the other hand, 
whose tissues contain a normal amount of levo-thyroxine, a non-calorigenic 
dose may be easier to achieve. Indeed, Strisower et al. (2) have demon- 
strated significant lowering of serum lipoprotein and cholesterol levels in 
euthyroid schizophrenic patients by administration of desiccated thyroid. 
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The basal metabolic rate was not determined, but there was only a slight 
increase in the pulse rate, and no loss of weight. 

Strisower and associates (2) stated that ‘‘it is possible that the control of 
metabolism and the control of lipoproteins are two separate functions of 
the thyroid gland.’’ Goolden (3) reported that tetraiodothyroacetic acid 
given to a euthyroid person lowered the plasma cholesterol level without 
causing loss of weight, and Trotter (4), reported that triiodothyroacetic 
acid lowered blood cholesterol concentration without significantly altering 
the basal metabolic rate. Bauer, McGavack and Swell (5) observed depres- 
sion of the serum cholesterol level in 4 euthyroid patients, but no evidence 
of metabolic stimulation, during administration of triiodothyropropionic 
acid. 

Dextro-thyroxine may affect the concentration of serum cholesterol by 
acting through one of its deaminated and deiodinated analogues. Since the 
molecule is not optically active after deamination, such an analogue may 
originate from either isomer. The minimal calorigenic activity of the 
dextro-thyroxine, as such, permits the administration of relatively enor- 
mous amounts to serve as a substrate for the deaminating enzymes. How- 
ever, it is also quite possible that dextro-thyroxine acts directly without 
degradation. Further attempts should be made to follow this metabolic 
pathway. 

These studies indicate that the enzyme systems or metabolic pathways 
by which dextro-thyroxine or its products (and hence, probably levo- 
thyroxine or its products) effect the reduction of serum cholesterol con- 
centration are independent of those by which they raise the basal meta- 
bolic rate and alter the electrocardiogram. 
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OBJECTIVE PSYCHOLOGIC ASSESSMENT OF THE 
THYROTOXIC PATIENT AND THE 
RESPONSE TO TREATMENT: 
PRELIMINARY REPORT* 


LEONARD R. ROBBINS, M.D.t anp DAVID B. VINSON, Pu.D.t 


Houston, Texas 


ABSTRACT 


Heretofore, the role of the personality in thyrotoxicosis has been stressed, 
and frustration of needs proposed as the predisposing factor in the onset of the 
disease. Our observations in 10 thyrotoxic patients and controls indicate that 
the role of personality in thyrotoxicosis has been overstressed. Three psycho- 
logic tests were used to obtain an objective measurement of the emotional re- 
sponses associated with thyrotoxicosis, to compare these findings with those in 
normal subjects and other groups, and to observe the effect of treatment. A 
description of the techniques used and an analysis of the data obtained are 
presented. The results led to the following conclusions: 1) There is a definite 
relationship between the clinical and psychologic assessments of thyrotoxicosis. 
2) With objective psychologic techniques, the performance of untreated thyro- 
toxic patients is significantly different from that of normal con’rols, patients 
with somatization, and patients with obsessive-compulsive and schizophrenic 
reactions but strongly similar to that of patients with organic structural 
changes in the brain. 3) Thyrotoxicosis is a metabolic disease manifested by 
impaired psychobiologic integration, involving particularly the autonomic 
nervous system. The adequately treated thyrotoxic patient closely resembles 
the normal person, who when under stress tends to internalize his conflicts and 
frustrations. 


HE association of disturbed emotions with thyrotoxicosis is well 
recognized. Frequently, emotional factors are a precipitating cause of 
the disease, and the clinical picture is one of hyperactivity, emotional 
lability and hypersensivity. The patient is tense, jittery and restless; he 
sits forward anxiously on the edge of his chair; his mood is labile, and tears 
are caused by trivialities; his speech is often rapid and excited; and he may 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 


Illinois, April 30-May 2, 1959. 
+ Clinical Assistant Professor of Medicine, Baylor University College of Medicine; 


Lecturer in Medicine, University of Texas Postgraduate School of Medicine; Physician 


and Director Radioisotope Department, The Levy Clinic, Houston, Texas. 


Address: 3618 Yoakum Boulevard, Houston 6, Texas. 
t Lecturer in Psychology, University of Texas Postgraduate School of Medicine. 


120 


| 

i 


January, 1960 PSYCHOLOGIC ASSESSMENT IN THYROTOXICOSIS 121 


experience forebodings of impending disaster. Even the occasional de- 
pressed patient is apt to be agitated and markedly restless. 

The problem, however, is whether thyrotoxicosis represents a charac- 
teristic response of a special personality type to a spectific psychic insult. 
Previous studies have been made by means of psychiatric interviews 
stressing the importance of emotional factors in the etiology of the dis- 
ease. Particular reference has been made to frustration of dependent 
needs (1). 

In this study, we tested the hypothesis that it is possible with objective 
psychologic techniques to measure the emotional responses associated with 
thyrotoxicosis. We compared findings in thyrotoxic patients with those in 
normal subjects and other groups, and observed the effect of treatment. 
The data obtained lead us to the conclusion that the role of personality 
in thyrotoxicosis may have been overstressed. 


SUBJECTS AND METHODS 


Subjects 


Seven female and 3 male thyrotoxic patients were studied. One of them also exhibited 
the schizophrenic reaction, 1 neurosis, and 1 the changes associated with psychobio- 
logic decline (2). Nine had diffuse toxic goiter and 1 had nodular toxic goiter. The mean 
age was 42 years, with a standard deviation of 9 years. The patients were from the middle 
socio-economic group and had completed the equivalent of a twelfth grade education. 
The clinical diagnosis of thyrotoxicosis was confirmed in each instance by at least three 
of these laboratory tests: thyroidal uptake and turnover of I'*!, chemical determination 
of serum protein-bound iodine concentration, in vitro erythrocyte uptake of I'*!-labeled 
[-triiodothyronine, PBI'*' conversion ratio and basal metabolic rate. The patients were 
otherwise unselected. 

The thyrotoxic group was matched for age, sex, socio-economic status, and educa- 
tional background with normal controls, patients with somatization, obsessive-com- 
pulsive and schizophrenic reactions, and those with known structural and/or physiologic 
changes in the brain (3 with avitaminosis, 3 with cerebral arteriosclerosis, 3 with post- 
traumatic encephalopathy, and 1 recovered from a cerebrovascular accident). It was 
not possible to match one patient, 72 years of age, with a schizophrenic. 


Method of study 


The psychologic examination was carried out in each thyrotoxic patient before 
treatment and during the response to treatment. One patient was treated with anti- 
thyroid drugs and surgery, 2 with antithyroid drugs and radioiodine, and 7 with radio- 
iodine alone. 

Thirty sets of observations made on these 10 patients in the internist’s office were 
delivered for scoring to the consulting psychologist, who knew nothing of the patients. 
The psychologist and internist independently classified the degree of toxicity in each 
case. The clinical ratings were correlated with those based on the psychologic examina- 
tions. The results of the tests on the thyrotoxic patients were compared with those on 
the other groups. 
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Tests 


The following 3 psychologic tests were used. The first and the second assessed neu- 
roticism, as defined by Eysenck (8); the third discriminated between normal subjects, 
psychotic subjects, and patients with structural brain disease. 

1. Maudsley Medical Questionnaire—C. Modified for the American population, this 
is a 40-item neuroticism inventory, constructed through a series of item analyses and 
validation experiments. Results are correlated highly with psychiatric opinion on neu- 
rotic and normal subjects. The score is the number of yes answers (C) to certain ques- 
tions, e.g., ‘‘Do you get palpitations or thumping of your heart?” and ‘‘Do you sweat a 
great deal without exercise?”’ 

2. Crown Word Connection List—N. Modified for the American population, this is a 
controlled association test in which each item consists of a stimulus word and two pos- 
sible response words,-one of which is an “abnormal” response and the other a “normal” 


TABLE 1. INTERCORRELATIONS OF PSYCHOLOGIC TESTS 


N 8 E 


0.06 
0.16 


* C=Score of Maudsley Medical Questionnaire. 
N=Score of Crown Word Connection List. 
S, E and A=Scores of Color Naming Stress Test. 


response. The score is the number of abnormal responses (N) to stimulus words, e.g., 
SINK: wash, drown. 

3. Color Naming Stress Test—S, E and A. This is a visual technique, evaluating the 
ability to hold two concepts in consciousness simultaneously. Names of colors are 
printed in colored inks—not, however, in the color represented by the written word. 
For example, the word “blue” may be printed in red ink. The subject is asked to name 
the color of the ink, disregarding what the word spells. Three scores are derived: the 
time, in seconds, required to call off the color of the ink (S score); the errors in per- 
formance (E score); and the level of aspiration (A score), when the subject is advised of 
his time and asked to estimate the number of seconds it would take him to do the task 
again. 

The tests for the psychologic examination appear to be uncorrelated, measuring in- 
dependent dimensions of the personality. The intercorrelations of the several tests are 
shown in Table 1. The test-retest reliability for 100 normal controls is shown in Table 2. 


RESULTS 


There is a significant association between the psychologic and clinical 
assessments of toxicity (r was calculated to be +0.56, significant at the 1 
per cent level). From this association it may be argued that it is possible to 
assess toxicity by objective psychologic techniques. 


| | c* A 
1.00 
N 0.08 
0.03 0.10 
E 6.10 0.02 
A 0.08 0.23 0.11 
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TABLE 2. TEST RELIABILITY FOR 100 NORMAL CONTROLS 


Test 


The performances of thyrotoxic patients before and after adequate 
therapy were compared by calculating ¢, using the formula for independent 
means; they were significantly different, as shown in Table 3. 

Qualitatively, the findings revealed that the thyrotoxic patient prior to 
treatment tends to worry about humiliating experiences and is troubled 
with feelings of inferiority and self-consciousness. He is emotionally labile. 
When he must consider more than one thing at a time, his problem-solving 
time increases and he makes errors. He tends to set goals for himself which 
are unrealistic. He tends to internalize his conflicts and frustrations. 

The performance of untreated thyrotoxic patients was compared with 
that of other groups, and tested by calculating ¢t. The values are shown in 
Tables 4-8. It is likely that untreated thyrotoxic patients come from a 
different universe of patients than do normal controls and patients with 
somatization, obsessive-compulsive reactions, and probably schizophrenic 
reactions. Untreated thyrotoxic patients do not differ significantly from 
patients with structural and/or pliysiologic changes in the brain. 

The performance of adequately treated thyrotoxic patients was similarly 
compared with that of the other groups. The ¢ values are shown in Tables 
9-13. It is likely that adequately treated thyrotoxic patients come from 
a different universe of patients than do patients with schizophrenic reac- 
tions and known structural and/or physiologic changes in the brain. Ade- 


TABLE 3. PERFORMANCES OF THYROTOXIC PATIENTS BEFORE AND 
AFTER ADEQUATE THERAPY 


Before After 
adequate adequate 
therapy « therapy 


15.5 


r 
C 0.73 
N 0.68 
0.78 
E 0.72 
A 0.69 aa 
Test t P ae 
Cc 9.6 8.78 001 
N 6.0 2.40 .05 
s 2.4 1.9 4.51 01 a 
E 1.8 4.05 01 
A 1.30 1.14 3.12 .05 oe 
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TABLE 4. PERFORMANCE OF UNTREATED THYROTOXIC PATIENTS 
COMPARED WITH THAT OF CONTROLS 


Untreated 
Test thyrotoxic 
patients 


Normal t P 
controls 


* Not significant. 


quately treated thyrotoxic patients do not differ significantly from normal 
controls and patients with somatization and obsessive-compulsive reac- 
tions. 

It appears likely, therefore, from the findings that: 1) there is no signif- 
icant difference between the performances measured by the foregoing 3 
objective psychologic techniques, of untreated thyrotoxic patients and 
patients with known structural and/or physiologic changes in the brain, 
and 2) thyrotoxicosis is a metabolic disease manifested by impaired psycho- 
biologic integration, involving particularly the autonomic nervous system. 

It also appears likely from the findings that there is no significant dif- 
ference between the performance, using the 3 objective psychologic tech- 
niques described, of normal controls, patients with somatization and ob- 
sessive-compulsive reactions, and adequately treated thyrotoxic patients; 
moreover, adequately treated thyrotoxic patients closely resemble normal 
persons, who when under stress tend to internalize their conflicts and frus- 
trations. When the performances of the treated thyrotoxic patients are 


TABLE 5. PERFORMANCE OF UNTREATED THYROTOXIC PATIENTS COMPARED 
WITH THAT OF PATIENTS EXHIBITING SOMATIZATION REACTIONS 


Patients with Patients with 
Test untreated somatization t P 
thyrotoxicosis reactions 


16. 


124 
: C 15.5 2.9 4.54 001 
N 7.6 3.8 2.56 05 
2.4 1.8 3.19 01 
E 4.7 1.1 2.58 05 
A 1.30 1.15 1.69 n.s.* 
C 0.42 n.s. 
N 7.6 4.5 0.54 n.s. 
S 2.4 2.0 0.62 n.s. 
E 4.7 2.1 2.22 05 
A 1.30 | 1.06 2.64 05 
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TABLE 6. PERFORMANCE OF UNTREATED THYROTOXIC PATIENTS COMPARED 
WITH PATIENTS EXHIBITING OBSESSIVE COMPULSIVE REACTIONS 


Patients with 
obsessive 
compulsive 
reactions 


Patients with 
untreated 
thyrotoxicosis 


C 
N 

E 
A 


fitted to the normal curve (derived from data on the population on which 
the tests were standardized), they fall within normal limits. 


DISCUSSION 


During the 1920’s and 1930’s, psychiatric studies ascribed a causal role 
to the emotions in thyrotoxicosis. The person in whom thyrotoxicosis is 
likely to develop was characterized by Moschcowitz in 1930 (4): “In no 
instance were these patients normal... that which never disappears is 
the personality of the patient. . . . The patient with Graves’ disease is never 
completely cured although he may be socially and economically restored.” 

Since 1940, a “classic”? psychosomatic theory of the etiology of thyro- 
toxicosis has been evolved. As stated by Lidz (5, 6): ‘‘The patients have a 
single important interpersonal relationship and become ill at the time of 
its disruption or threat of disruption, an event which confronts them 
with their life-long fear of isolation from a protecting, mothering figure.” 
They are thus left helpless, betrayed and enraged, becoming increasingly 


TABLE 7. PERFORMANCE OF UNTREATED THYROTOXIC PATIENTS COMPARED WITH 
THAT OF PATIENTS EXHIBITING SCHIZOPHRENIC REACTIONS 


Patients with 
untreated 
thyrotoxicosis 


Patients with 
schizophrenic 
reactions 


15.5 22.1 2.15 .05 

7.6 8.7 0.54 n.s. ies 

2.4 1.9 2.64 05 

4.7 2.1 2.11 .05 

1.30 1.09 2.11 05 
15.5. 23.5 2.42 05 

N 7.6 13.1 2.10 .05 

S 2.4 - 2.5 0.32 n.s. = 

E 4.7 3.1 1.08 n.s. e's 

A 1.30 1.47 1.29 ns. 
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TABLE 8. PERFORMANCE IN UNTREATED THYROTOXIC PATIENTS COMPARED WITH 


THAT OF PATIENTS EXHIBITING STRUCTURAL CHANGES IN THE BRAIN 


Patients with 
Patients with 
Test untreated change in t I es 
thyrotoxicosis 
C 1525 0.57 ns 
N 7.6 10.7 1.05 n.s 
Ss 2.4 2.7 0.92 n.s 
E 4.7 6.5 1.05 n.s 
A - 1.30 1.26 0.38 ns 


insecure, irritable and depressed. Hyperthyroidism may then occur. Re- 
currences depend on a similar psychologic setting. 

Psychiatric probing of the personality of the thyrotoxic patient has 
been supported by results of psychologic tests oriented along psycho- 
analytical lines (7). These procedures were interpreted in the light of the 
psychodynamics implied by the patient’s responses. Such tests, however, 
are not objective, are not free from error due to personal bias of the ob- 
server, and are not standardized (8). 

There should be more emphasis on objective psychologic analysis of the 
emotional changes in thyrotoxicosis. With this in mind, we rejected the 
psychiatric interview and psychoanalytically oriented tests and chose ob- 
jective techniques already proved by one of us (D.B.V.) to be of value in 
the differentiation of various emotional states. The tests to be used, we 
reasoned, should not be biased by the classic psychodynamic theory of 
thyrotoxicosis, however valid it might be, but should provide a different 
approach—one that could be quantitated and was as free as possible from 
intuitive interpretation. In this we have adopted the hypothetico-deduc- 


TABLE 9. PERFORMANCE OF ADEQUATELY TREATED THYROTOXIC 
PATIENTS COMPARED WITH THAT OF CONTROLS 


Treated 
Test thyrotoxic Normal. t Pas 
patients controls 
C 9.6 2.9 31 01 
N 6.0 3.8 1.37 N.S. 
8 1.9 1.8 1.14 ns 
E 1.8 0.82 
A 1.14 1.15 0.13 n.s 


| 
| 
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Patients with Patients with 
Test treated somatization t Ye 
thyrotoxicosis reactions 
Cc 9.6 16.9 2.65 05 
N 6.0 4.5 0.97 n.s 
1.9 2.0 0.63 
E 1.8 2.1 0.34 n.s 
A 1.14 0.78 n.s 


tive methods of Eysenck: “Objective measurement, appropriate techniques 
of statistical analysis and the realistic restriction of the effort of measure- 
ment to something less nebulous and less grandiose than the ‘total per- 
sonality’ ”’ (3). The 3 tests chosen for this pilot investigation are so simple 
that they may be given by a person with a minimum of training and inter- 
preted without any knowledge of the patient by a psychologist, even in an- 
other city. Moreover, their use causes no harm as a result of interpretive 
probing by a psychiatrist. 
SUMMARY 


The role of the personality in thyrotoxicosis has been stressed, and 
classic psychodynamic studies have indicated that frustration of dependent 
needs is the predisposing factor in.the onset of the disease. Our observations 
suggest that the role of the personality in thyrotoxicosis may have been 
overstressed. Patients with thyrotoxicosis were compared with normal 
subjects and other groups and the effect of treatment was observed. The 
tests we used differentiate between the factors of neuroticism and psy- 


TABLE 11. PERFORMANCE OF ADEQUATELY TREATED THYROTOXIC PATIENTS COMPARED 
WITH THAT OF PATIENTS EXHIBITING OBSESSIVE COMPULSIVE REACTIONS 


Patients with 

Patients with 
Test treated compulsive t P 

thyrotoxicosis 
C 9.6 22.1 5.11 
N 6.0 8.7 1.54 n.s 
1.9 1.9 0.34 
E 1.8 2.1 0.32 n.s 
A 14: 1.09 0.61 n.s 


- 
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TABLE 12. PERFORMANCE OF ADEQUATELY TREATED THYROTOXIC PATIENTS COMPARED 


WITH THAT OF PATIENTS EXHIBITING SCHIZOPHRENIC REACTIONS 


Patients with Patients with 
Test treated schizophrenic t P 
thyrotoxicosis reactions 
C 9.6 23.5 5.15 .001 
N 6.0 13.1 2.74 .05 
8 1.9 2.5 2.54 .05 
E 1.8 3.1 1.30 n.s. 
A 1.14 1.47 2.74 .05 


choticism; they also identify structural and/or physiologic changes in the 
nervous system associated with aging,-disease or trauma. This approach, 
therefore, offers a decided advantage over the usual psychiatric interview 
and psychoanalytically oriented tests. We conclude that: 


1. 


The presence and degree of thyrotoxicosis can be assessed by objec- 
tive, psychologic techniques. There is a definite relationship between 
the clinical and psychologic manifestations of toxicity. 


. Using these techniques, the performance of untreated thyrotoxic 


patients is significantly different from that of normal controls, pa- 
tients with somatization, and patients with obsessive-compulsive or 
schizophrenic reactions, but strongly similar to that of patients with 
organic structural changes in the brain. : 


. There is no significant difference between the performances of ade- 


quately treated thyrotoxic patients, normal controls, and patients 
with somatization and obsessive-compulsive reactions. 


. Thyrotoxicosis is a metabolic disease manifested by impaired psy- 


chobiologic integration, involving particularly the autonomic nervous 
system. The adequately treated thyrotoxic patient closely resembles 


TABLE 13. PERFORMANCE OF ADEQUATELY TREATED THYROTOXIC PATIENTS COMPARED 


WITH THAT OF PATIENTS EXHIBITING STRUCTURAL CHANGES IN THE BRAIN 


Patients with Patients with 


Test treated structural t P 
thyrotoxicosis | change in brain 
Cc 9.6 17.6 2.44 
N 6.0 10.7 1.79 
8 1.9 2.7 2.70 .05 
E 1.8 6.5 3.61 01 
A 1.14 1.26 1.31 n.s. 
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the normal person, who when under stress tends to internalize his 
conflicts and frustrations. 

5. Thyrotoxicosis probably represents a toxic emotional phenomenon 
which overlies whatever happens to be the personality and experience 
pattern of the patient. Certain persons seem to have a predisposition 
to the disease. The emotional manifestations are correctable by ade- 
quate treatment of the somatic disorder, leaving the personality of 
the patient, as Moschcowitz has said, unchanged. In a susceptible 
patient, thyrotoxicosis may precipitate an inorganic, nontoxic psy- 
chosis which will not disappear along with improvement of the thy- 
rotoxicosis. 

6. Further studies are necessary in this area. 


RECOMMENDATION 


With this pilot study pointing a direction, it is possible to outline a more 
complete approach to the study of patients with thyrotoxicosis. The psy- 
chologic examination described here has the advantage of brevity and ease 
of administration and scoring. In no way is it a threat to the emotional 
adjustment of the thyrotoxic patient. However, it will be found lacking if 
one wishes to investigate autonomic imbalance per se, or to test psycho- 
analytic hypotheses. It would be worth while to study the complaints of the 
thyrotoxic patients in relation to conditioning experiences, to utilize ob- 
jective measures of autonomic function as described by Wenger (9), and to 
include tests which assess the changes in psychobiologic integration asso- 
ciated with aging, disease or trauma (2). 
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ABSTRACT 


In a study of 328 cases of papillary adenocarcinoma of the thyroid treated 
surgically in the period 1940-1954, it was found that these adenocarcinomas 
are multicentric in at least 20 per cent of cases. The multicentricity usually in- 
volves both lobes. Given a papillary lesion in one lobe, one or more additional 
deposits occur in the same lobe in more than 10 per cent of cases, and in the op- 
posite lobe in a like proportion of cases. Further resection of the thyroid is ad- 
visable in cases in which partial lobectomy or partial thyroidectomy has been 
carried out previously because of a nodule that subsequently proves to be a 
papillary lesion. Preservation of a remnant on the apparently uninvolved side 
together with the nodes in the tracheo-esophageal groove on that side is justi- 
fied in order to avoid total parathyroidectomy. 


N VIEW of its obvious importance, particularly from the standpoint of 
treatment, multicentricity of papillary lesions of the thyroid has re- 
ceived surprisingly little special attention. Sloan (1) found 30 cases of 
multicentricity in a series of 282 papillary, follicular, mixed papillary and 
follicular and Hiirthle-cell tumors (his group I tumors). In’ patients from 
4 to 25 years of age, 12 of 39 tumors were multiple, whereas only 18 of 243 
lesions in patients older than 25 were multicentric. A similar incidence was 
reported by Horn and Dull (2) who found 15 instances in a series of 115 
cases. The multiple foci were evident grossly in 9 cases but in 6 they were 
found only on meticulous microscopic examination. 

A materially higher incidence was reported by Underwood, Ackerman 
and Eckert (3). Some part of both lobes of the thyroid was available for 
pathologic examination in 25 of 62 cases of papillary adenocarcinoma. At 


* Presented at the Annual Meeting of the American Goiter Association, Chicago, 
Illinois, April 30-May 2, 1959. 
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least two foci of cancer were found in 8 of the 25. The authors speculated 
that the incidence would have been higher if serial sections had been em- 
ployed and if the entire thyroid could have been examined. Multicentricity 
has been mentioned, and an occasional case cited, by others, but no other 
studies of the incidence of the condition have appeared in the recent litera- 
ture (4-6). 


PRESENT STUDY 


In an effort to arrive at another estimate of the frequency of multicen- 
tricity, all cases of papillary adenocarcinoma of the thyroid treated at the 
Mayo Clinic from 1940 through 1954 were reviewed. Cases in which a 
biopsy specimen had been removed from the thyroid, or in which a part of 
the thyroid had been excised previously, were excluded from the study. 
Predominantly papillary (‘‘pure papillary lesions’), mixed papillary and 
follicular, and predominantly follicular lesions were included. Thyroidec- 
tomy had been advised in the great majority of cases because of one or 
more nodules within the thyroid. The diagnosis had been established pre- 
viously in 45 cases by biopsy of a cervical lymph node. 

Serial sections were not employed. The surgical specimens were ex- 
amined, however, by pathologists quite cognizant of the possibility of 
multicentricity. The foci of papillary adenocarcinoma varied greatly in 
both size and number from case to case. Occasionally the lesions were small 
and unexpected clinically, whereas in other cases two or more sizable foci 
were found. Far more commonly, one lesion was large enough to be evident 
on clinical examination while the-others were substantially smaller, often 
measuring not more than a few millimeters in diameter. 

During the interval represented by the study, the extent of resection of 
the thyroid customarily carried out in the treatment of papillary lesions 
increased considerably. Unilateral subtotal lobectomy was often believed 
adequate during the earlier years, provided the surgeon, knowing the 
diagnosis, thought that the lesion had been removed completely. The op- 
posite lobe was not disturbed if it appeared normal grossly. After 1945, the 
involved lobe was removed totally, as a rule, and since about 1950 the 
opposite lobe was resected subtotally as well. In operable cases, total 
thyroidectomy was carried out only in instances of marked multicentricity 
or when the remnant on the opposite side appeared grossly to be involved. 

The multicentricity found in the series of 328 cases of papillary adeno- 
carcinoma treated during the 15-year period is shown in Table 1. The 
findings obviously should be regarded as representing a minimal proved 
incidence rather than the true incidence of multicentricity. The over-all 
incidence of 12 per cent is clearly too low, since the second lobe was not 
available for pathologic examination in 186 cases and since the entire 
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thyroid was examined in only 10 cases. The incidence of 50 per cent in the 
10 cases in which total thyroidectomy was carried out is probably far too 
high in that the indication for the procedure was often known multi- 
centricity. In the 142 cases in which both lobes were removed totally or 
partially, multicentricity was found in 26 or in 18 per cent. This is probably 
the best estimate of multicentricity provided by the pathologic findings 
alone. 

At least one additional focus was present in the same lobe as the clinically 
evident primary in 39 of the 328 cases (12 per cent). Somewhat unexpect- 
edly, the same incidence (26 of 209 cases, or 12 per cent) was found in 


TABLE 1. MULTICENTRICITY OF PAPILLARY ADENOCARCINOMA OF THE THYROID: 
OPERABLE, PREVIOUSLY UNTREATED PATIENTS (1940-1954) 


Cases of multicentricity 

Surgical procedure Total Total ; Lobe 

cases Same _ | Opposite 
Number | Per cent lobe lobe known 
Unilateral subtotal lobectomy 69 4 6 4 — — 
Bilateral subtotal lobectomy 50 8 16 6* eB 2 
Total lobectomy 117 9 8 9 — — 
Total lobectomy and contra- 

lateral subtotal lobectomy 82 13 16 12t 9t 1 
Total thyroidectomy 10 5 50 bt 3t 
Total 328 39 12 36 ily 3 


* Both lobes involved, 5 cases. 
t Both lobes involved, 9 cases. 4 
t Both lobes involved, 3 cases. 


cases in which the entire lobe was available for study. In the 142 cases in 
which all or part of the opposite lobe was available for pathologic study, 
at least one deposit was found in 17, or again in 12 per cent of cases. In 
every case in which there were deposits in the opposite lobe, there was also 
multicentricity in the lobe that harbored the clinically evident primary. 
The known recurrences in the preserved remnants, or what Rundle and 
Basser (6) have called ‘stump recurrences,”’ are shown in Table 2. Al- 
though 184 patients had been treated at least five years before the date of 
inquiry, 22 had been lost to follow-up or had died within five years, leaving 
162 patients traced for five to fifteen years. Recurrence in unresected 
thyroid tissue in 10 per cent of cases demonstrates clearly the inadequacy 
of the earlier routine resections of the gland. With respect to the incidence 
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of multicentricity, recurrence in the lobe that harbored the clinically evi- 
dent primary tumor has little meaning, since in many cases of recurrence 
the lesion was known to have been multicentric. The recurrences could 
have resulted also from failure to remove the known lesion completely. 
In the 123 cases in which the opposite lobe was not resected, the 10 re- 
currences in that lobe (8 per cent) must have developed from multicentric 
foci. Although all were not additional cases of multicentricity, it is of in- 
terest that the 8 per cent rate added to the 12 per cent rate found on path- 
ologic examination for the group as a whole yields an incidence wholly in 
keeping with the 18 per cent rate mentioned previously. 


TaBLE 2. RECURRENCE OF PAPILLARY ADENOCARCINOMA IN THYROID REMNAN 
(5 To 15-YEAR FOLLOW-UP) ; 


Cases of recurrence 


Operative procedure Total Total Lobe 


cases Same _ Opposite ‘oat 
lobe lobe 


Number | Per cent 


Unilateral subtotal lobectomy 60 8* 13 4 5 — 
Bilateral subtotal lobectomy 26 4* 15 2 2 1 
Total lobectomy 63 5 8 — 5 — 


Total lobectomy and contra- 
lateral subtotal lobectomy 12 
Total thyroidectomy 


Total 162 


* Bilateral recurrence in 1 case. 


The findings may be summarized briefly as follows: Papillary lesions are 
multicentric in at least 20 per cent of cases. The multicentricity usually 
involves both lobes of the thyroid. Additional deposits of cancer may be 
expected in the same lobe as the clinically evident primary lesion in more 
than 10 per cent of cases, and in the opposite lobe in a similar proportion of 
cases. 

Although we have no particular opinion as to whether the multiple foci 
represent true multicentricity or intrathyroidal metastatic growths, the 
findings favor the former view. If they were metastatic lesions, more 
deposits would be expected in the lobe that harbors the larger lesion than 
in the opposite lobe, and there should be some pattern of spread discernible 
within the thyroid. As noted previously, multicentricity involved both 
lobes equally, and the multiple lesions seemed to have no particular dis- 
tribution within the thyroid. 
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COMMENT 


Our present interest in multicentricity was actually stimulated by an 
increasingly large number of patients referred for consideration of further 
treatment after removal of an unsuspected papillary lesion elsewhere. In 
the usual case the lesion had been removed locally or, at most, a subtotal 
thyroidectomy had been performed. Formerly, providing the surgeon 
thought that the lesion had been removed completely, continued observa- 
tion alone was advised. As our own practice changed toward more radical 
resections, it seemed logical to propose that further resection should be ad- 
vised in such cases. 

On this basis a more radical resection of the thyroid was carried out at 
the clinic in 17 consecutive cases in which subtotal lobectomy or subtotal 
thyroidectomy had been performed elsewhere within six months. Residual 
or multicentric carcinoma was found in the preserved part of the thyroid in 
11 cases. In view of this and of more recent experience, and in keeping 
with the practice of some others (7), we now believe that the thyroid 
should be re-explored in all such cases in which less than a bilateral resec- 
tion with total lobectomy on the side of the clinically evident nodule was 
carried out. In actual practice re-exploration is delayed for about three 
months to permit the inflammatory reaction resulting from the original 
procedure to subside. 

For some ten years, routinely, the obviously involved lobe has been re- 
moved totally and the opposite lobe resected subtotally in the treatment 
of papillary lesions. More accurately, the usual bilateral subtotal thy- 
roidectomy is carried out, due care being exercised not to cut into any 
suspicious nodule. The incision is not closed until the report of the patholo- 
gist has been received. If a papillary lesion is found, the remnant on that 
side is removed, the nerve being preserved unless it is apparently involved. 
The remnant on the opposite side is preserved as a rule. Total thyroidec- 
tomy is carried out only in cases of marked multicentricity and in those 
with large lesions in both lobes. Needless to add, total thyroidectomy may 
be indicated in anticipation of treatment of inoperable lesions with radio- 
iodine. 

Discussion of the treatment of cervical lymph nodes is beyond the scope 
_ of the present paper. The treatment of nodes in the tracheo-esophageal 
groove, however, can well be considered in conjunction with resection of 
the thyroid. The juxtathyroidal nodes are unquestionably involved more 
frequently than the deep jugular nodes, and they are not accessible to 
clinical examination as are the lateral cervical nodes. Consequently, we 
believe that the nodes and node-bearing fascia should be removed cleanly 
from the tracheo-esophageal groove and from the region of the recurrent 
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laryngeal nerve on the side of the obviously involved lobe in all cases. The 
nodes in the opposite tracheo-esophageal groove should be inspected most 
carefully. We do not believe that they should be removed unless they are 
obviously involved, or unless total thyroidectomy is thought necessary. 
Our conservatism regarding the second remnant and the nodes in the 
opposite tracheo-esophageal groove stems wholly from the desire to avoid 
permanent tetany. Of the 10 cases in the present series in which total 
thyroidectomy and bilateral resection of paratracheal nodes were carried 
out, permanent tetany ensued in 5. In a different series of total thyroidec- 
tomies reported by Beahrs and his colleagues (8) from the clinic, tetany 
developed in 13 of 27 cases. Thus, in our experience, tetany develops in 
about half of all cases in which total thyroidectomy with removal of nodes 
from both tracheo-esophageal grooves is carried out. Tetany ensues in 
spite of efforts to preserve at least one parathyroid with an intact vascular 
supply, and regardless of whether parathyroids are implanted into regional 
muscles. We have no evidence that devascularized parathyroids, whether 
left in situ or implanted in muscles, ever survive and function. Conversely, 
saving devascularized parathyroids has failed to prevent tetany repeatedly. 
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The Endocrine Society 


The 1960 Annual Meeting 


The Forty-Second Annual Meeting of The Endocrine Society will be 
held in the Eden Roc Hotel, Miami Beach, Florida, Thursday, Friday and 
Saturday, June 9, 10 and 11, 1960. 

The Chairman of Local Arrangements is Dr. Kenneth Savard. 

Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily and in 
addition there will be simultaneous afternoon sessions. The annual dinner 
is scheduled for Friday, June 10, at 7:30 p.m. preceded by cocktails at 
6:30 P.M. 

All members are urged to make their hotel reservations immediately. 
The Eden Roe will hold 250 bedrooms and the adjoining hotels, the Mont- 
martre Hotel and Lucerne Hotel, will hold 75 rooms each for members until 
May 1, 1960, after which time the hotel will not guarantee further reserva- 
tions. Therefore it is imperative that you make your reservations early, 
directly with the hotel, advising them of time and date of arrival and 
departure. If you plan on remaining through June 12 for the American 
Medical Association and other meetings, it is imperative that your reserva- 
tion be made from June 12 on, directly through the A.M.A. Housing 
Bureau, c/o Miami Beach Convention Bureau, 1700 Washington Avenue, 
Miami Beach, Florida, since no reservation beyond June 12 can be accepted 
directly by the hotels. Make your reservations early and avoid disappoint- 
ment. Hotel reservation card will be mailed to members shortly after 
January 1, 1960. 

Final program, membership card and advance registration forms will 
be sent on May 1, 1960 to members whose current dues have been paid. 

Those wishing to present papers, which will be strictly limited to ten 
minutes, should send an original and 4 copies of the title and abstract to 
the Vice-President, Dr. Robert H. Williams, University of Washington 
School of Medicine, Seattle 5, Washington, not later than February 16, 
1960. It is imperative that the abstracts be informative and complete with 
results and conclusions—not a statement that these will be presented at the 
meeting—in order that they may be of reference value and suitable for 
printing in the program. The reading and processing of approximately 200 
abstracts submitted each year and compiling of the program from these 
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involves a tremendous amount of time and effort on the part of the 
Program Committee. THE COUNCIL REQUESTS THAT AUTHORS 
ADHERE STRICTLY TO THE FOLLOWING RULES WHEN SUB- 
MITTING ABSTRACTS; OTHERWISE THEY CANNOT BE CON- 
SIDERED: 


1. 


IT IS ASSUMED THAT ABSTRACTS SUBMITTED FOR THIS 
PROGRAM HAVE NOT AND WILL NOT BE SUBMITTED 
ELSEWHERE. 


. Abstracts may not exceed 200 words, or equivalent space, exclusive 


of title. No footnotes or acknowledgments to sponsors can be pub- 
lished. References, if used, must be placed in the body of the text. 
The abstract should consist of a single paragraph, if possible. Struc- 
tural chemical formula cannot be used. 


. The title heading must be arranged as follows: 


Line 1. Title, not to exceed 15 words; 

Line 2. Author/s. The name of each nonmember-author collaborating 
with member-authors is to be followed by the phrase ‘‘(by 
invitation).’’ Names of nonmembers who are introduced, 7.e., 
who are not collaborators with member-authors, are to be 
followed by the phrase ‘(introduced by... ).’’ The prin- 
cipal degree, e.g., M.D., of each author should be written 
after his name. 

Line 3. Institution of origin and city in which institution is located. 


. Authors who wish receipt of their abstracts acknowledged should 


enclose self-addressed post card with the title of the abstract noted 
thereon. 


. Authors are also to enclose 3 <5 inch filing cards, one for each author, 


giving his name and initials in the upper right-hand corner, and the 
complete title of the abstract with all the authors listed in the center 
of the card. There should be a second card enclosed listing the title, 
all authors, and the mailing address of the senior author. This is 
necessary for indexing. Senior authors will be notified of the accept- 
ance of their papers for the final program. 

The body of the abstract, typed double space, should follow the head- 
ing. The original copy should be on bond paper. The original and 4 
copies should be forwarded to Dr. Williams. 


. Abstracts should be letter perfect, since there will be no opportunity 


for proof reading by the authors. 
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The 1960 Awards 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 


FrEeD Conrap Kocu AWARD 


In 1957 a substantial legacy was bequeathed to the Society by the late 
Elizabeth Koch for the purpose of establishing the Fred Conrad Koch 
Memorial Fund in memory of her late husband, Distinguished Service 
Professor of Physiological Chemistry at the University of Chicago and 
pioneer in the isolation of the androgens. This is the highest honor of The 
Endocrine Society and is represented by a medal known as the Koch 
Medal of The Endocrine Society. The medal, as well as an honorarium of 
$3,500, is to be given annually to an individual for work of special distinc- 
tion in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. : 

This Award was first presented in 1959, to Dr. W. W. Swingle. The Koch 
Medal has replaced the Medal of The Endocrine Society which was es- 
tablished in 1954 and presented to Dr. Carl R. Moore in 1955, Dr. Fred- 
erick L. Hisaw in 1956, Dr. Joseph C. Aub in 1957 and Dr. I. L. Chaikoff 
in 1958. The Medal of the Endocrine Society replaced the E. R. Squibb 
Award which was formerly the highest honor bestowed by the Society. 
Past recipients of the Squibb Award were Dr. George. W. Corner in 1940, 
Dr. Philip E. Smith in 1941, Dr. Fred C. Koch in 1942, (no award in 1948), 
Dr. E. A. Doisy in 1944, Dr. E. C. Kendall in 1945, Dr. Carl G. Hartman 
in 1946, Drs. Carl F. and Gerty T. Cori in 1947, Dr. Fuller Albright in 
1948, Dr. Herbert M. Evans in 1949, Dr. C. N. H. Long in 1950, Dr. J. B. 
Collip in 1951, Dr. James H. Means in 1952 and Dr. David Marine in 1953. 


THE AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
_ investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin M. Hoffman; 
1947—Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. 
Seymour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—Dr. Isadore M. Rosenberg; 1955—Dr. Jack Gross; 1956— 
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Dr. Alfred M. Bongiovanni; 1957—Dr. Nicholas 8. Halmi; 1958—Dr. 
Monte A. Greer; 1959—Dr. Gordon L. Farrell. Prior to 1952 the Award 
was $1,200. It has now been increased to $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

1. Evidence of scientific ability as attested by studies completed or in 

progress. 

2. Recommendations from individuals familiar with the candidate and 
his work. 

3. A proposed program of study. 

4. Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 


Tuer UpsJoHN SCHOLAR OF THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. A grant has been made available through the generosity of the 
Upjohn Company, and will be awarded to an established investigator or 
teacher in the field of endocrinology who wishes to extend the opportunities 
for work either in this country or abroad. 

The award will not exceed $2,500 annually and will be granted on the 
basis of proposals submitted by the applicant. Such applications should 
include the estimated financial needs. The funds may be used for travel, 
maintenance and other expenses. 


NOMINATIONS 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Endocrine Society. They should be submitted on forms which may be 
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obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 15 each year. 

Proposals for appointments as a Scholar of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by October 15 each year. 


First International Congress of Endocrinology 


The First International Congress of Endocrinology will be held in Copen- 
hagen, Denmark, July 18-23, 1960. 

United States members of the International Executive Committee are 
Dr. Warren O. Nelson and Dr. Leo T. Samuels, Dr. Gregory Pincus is 
Chairman of the Program Committee. The tentative program consists of 
ten symposia covering the general field of endocrinology plus round-table 
discussions and a number of submitted papers. Those desiring to submit 
papers should immediately contact Dr. Gregory Pincus, Worcester Foun- 
dation, Shrewsbury, Massachusetts. There will be a number of interesting 
scientific and technical exhibits. 

In order to facilitate travel arrangements to the Copenhagen Conven- 
tion, the Council of The Endocrine Society at its San Francisco meeting 
designated THOMAS COOK & SON as our authorized travel agents. They 
will in turn offer especially designed All Expense Paid Tours to Europe, in- 
cluding hotel reservations for the convention, as well,as offering independ- 
ent itineraries for any of our members who desire to travel separately by 
air or by steamship. 

Registration is open to anyone interested in sidiininaiihian at an ap- 
proximate fee of $28 U.S. Members of the families of those attending may 
register as associates at an approximate fee of $14 U.S., fee-to be paid at the 
time of registration or in advance to the American Express Company, 
which has been designated by the Executive Committee of the Interna- 
tional Congress as official financial and travel agent. There will be a num- 
ber of social functions and other entertainment provided for all registrants. 

As you all know, European travel is unusually heavy during July and it 
is suggested that those contemplating attending the Congress should start 
making tentative reservations at the earliest possible moment by filling in 
and returning the card recently mailed to members, to THOMAS COOK 
& SON’s special representative—Harry E. Kornbaum, Transportation 
Chairman, Rainbow Travel Service, 2817 Classen Boulevard, Oklahoma 
City 6, Oklahoma, who will correspond directly with each member about 
his individual travel arrangements to and from the Convention, at the same 
time keeping our National Officers fully informed of all travel arrangements 
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of its members. Completion of the card CARRIES NO OBLIGATION OR 
COMMITMENT ON YOUR PART. Send it in today for the complete 
travel arrangements for our Society. 

The general expenses of a meeting of this magnitude are quite large and 
The Endocrine Society has made a substantial contribution from its treas- 
ury for organizational purposes. U.S. pharmaceutical firms have also con- 
tributed very generously. However, sufficient funds are not as yet available 
to assure the success of this meeting; therefore, the committee suggests that 
each of our members make voluntary contributions to this fund. Please make 
your checks payable to: The Endocrine Society—First International 
Congress of Endocrinology. Mark it Contribution and mail it to the office 
of the Secretary-Treasurer, 1200 North Walker Street, Oklahoma City 3, 
Oklahoma. 


PROGRAM 


The program of the First International Congress of Endocrinology which 
will be held in Copenhagen, Denmark, July 18-23, 1960, will consist of ten 
symposia and a round table discussion, along with sessions of communi- 
cated papers. The speakers at the symposia and the round table discussion 
have been invited by the Subcommittee on Program of the Congress. In 
Symposia #1-8 and in #10, the Subcommittee has also invited a discusser 
for each principal paper. Symposium #9 will consist of six principal papers 
and no discussers. The round table discussion will consist of eight sections, 
each with a principal speaker and three secondary speakers. 


(For program see the December 1959 issue of the Journal.) 


The American Goiter Association 


1960 Annual Meeting and the 4th International 
Goiter Conference 


The next Annual Meeting of the American Goiter Association will be 
held in London, England, July 5-9, 1960, in the Great Hall of the Royal 
College of Surgeons. This meeting, co-sponsored with the London Thyroid 
Club, will be the Fourth International Goiter Conference. For further in- 
formation write Dr. Selwyn Taylor, 3 Roedean Crescent, Roehampton, 
London, 8.W.15, England. 

Joun C. McCuintock, Secretary, 
1493 Washington Avenue, 
Albany 10, N.Y. 


a 

hy 


142 NOTICES Volume 20 


Hormones Available—N ational Institutes of Health 


Group A. The following highly purified pituitary hormones are available 
for distribution free to qualified investigators: 

Growth hormone, bovine, non-sterile for animal experiments only. Dis- 
pensed as requested. 

Follicle-stimulating hormone, ovine, sterile preparation: 25-mg. vials for 
experiment; 5-mg. vials for assay standard. 

Luteinizing hormone, ovine, sterile preparation: 10-mg. vials. 

Prolactin, ovine, sterile preparation: 25-mg. vials. 

Workers may obtain supplies of these hormones by writing to: Dr. R. T. 
Hill, Executive Secretary, Endocrinology Study Section, Division of Re- 
search Grants, National Institutes of Health, Bethesda 14, Maryland, 
describing briefly the proposed work and giving an estimate of the amount 
of hormone required. Requests are filled as promptly as possible after re- 
view by a subcommittee. These hormones are prepared and distributed 
under a program generously supported by the National Institutes of 
Health. 


Group B. The following radioactive steroids are available without charge 
for materials, upon receipt of an adequate résumé of proposed experi- 
ments: 


Materiai Batch _ Specific activity 
1. Hydrocortisone 4-C™ ES-F-10-1 8.7 we. /mg. 
Hydrocortisone ES-F-25-1 (21.7 pe./mg. 
Hydrocortisone 4-C™ ES-F-50-1 42.4 ue. /mg. 
2. Corticosterone ES-B-10-1 9.1 ue./mg. 
Corticosterone ES-B-50-1 "44.4 ue./mg. 


These materials are stored at Tracerlab, Inc., Waltham, Massachusetts. 
They are dispensed in sealed glass ampules containing 5 ue., 10 ue. or 25 
ue. each, and in a solution of 95% benzene and 5% methanol. Shipments 
will be made from Tracerlab, Inc., and the recipient will be billed by them, 
at the rate of $5.00 per ampule for handling and mailing. Requests for these 
compounds should be submitted to: Dr. R. T. Hill, Executive Secretary, 
Endocrinology. Study Section, Division of Research Grants, National 
Institutes of Health, Bethesda 14, Maryland. The materials are approxi- 
mately 96% pure, and each investigator is cautioned to calibrate each 
batch of material used. 


i 
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New York University Post-Graduate Medical School 
announces the following post-graduate course 563R in 


GYNECOLOGICAL ENDOCRINOLOGY 


A practical, didactic and clinical presentation with emphasis on the 
therapeutic management of endocrine disorders in the female, including a 
discussion of the diagnosis and management of intersex will be offered. 
Endocrine therapy for menstrual abnormalities and ovulatory defects will 
be presented. Adrenocortical, thyroid, ovarian and pituitary abnormalities 
will be emphasized. Practical diagnostic tests will be discussed and demon- 
strated, as well as the therapeutic use of the newer progestational, gonadal 
and corticoid steroids. Five-day, full-time course, A pril 18 through A pril 22, 
1960. Tuition: $140.00. Given under the direction of Dr. Herbert S. Kup- 
perman. For further information: Office of the Associate Dean, New York 
University Post-Graduate Medical School, 550 First Avenue, New York 
16, N.. ¥. 


University of Oklahoma Colloquy on 
Advances in Internal Medicine 


The Third Annual Oklahoma Colloquy on Advances in Medicine will be 
held March 24-26, 1960, at the University of Oklahoma Medical Center, 
‘Oklahoma City, with a program devoted to the adrenal steroids. 

Fifteen guest lecturers and 13 members of the Medical Center faculty 
will present papers dealing with the basic physiological and biochemical 
aspects of adrenal steroids. The pharmacology and side-effects will be dis- 
cussed. 

Scientific reports also will cover clinical application of the steroids in the 
following -areas: endocrinology, infectious diseases, gastroenterology, 
rheumatic disease, hematological diseases (including the leukemias and 
immuno-hematological disorders), neoplastic, collagen, renal and allergic 
diseases. 

In addition to general sessions, special interest meetings are planned in 
the fields of medicine, pediatrics, surgery and basic science. 

The Colloquy was developed by the Oklahoma Medical Center Depart- 
ment of Medicine and Office of Postgraduate Education in collaboration 
with the Oklahoma City Internists Association, Oklahoma City Surgical 
Society and the Oklahoma City Pediatric Society. Merck Sharp & Dohme 
is a sponsor. 

Additional information may be obtained by writing the Office of Post- 
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graduate Education, University of Oklahoma Medical Center, 801 NE 13, 
Oklahoma City, Oklahoma. 


Symposium on Uterine Implantation of Ova 


A Symposium devoted entirely to problems relative to the uterine im- 
plantation of ova, in animals and in the human being, will be held in 
Brussels, Belgium, June 24-26, 1960, just before the First International 
Congress of Endocrinology in Copenhagen. It is being organized jointly 
by the Société Nationale Frangaise pour |’Etude de la Stérilité et de la 
Fécondité (Président: Professeur P. Funck-Brentano) and the Belgian Sec- 
tion of the International Fertility Association. All interested persons are 
invited to attend. The working languages will be English and French, with 
simultaneous translation. 

Registration: Dr. P. Wilkin, 75, rue Général Lotz, Bruxelles, Belgium. 
Registration fee (volumes of the Proceedings included) $20.00, Scientific 
information: Dr. J. Ferin, 42, Beukenlaan, Heverlee-Louvain, Belgium. 


BOOK REGISTER 


(The) Diabetic’s Handbook. Second edition. By ANTHONY M. Srnvont, Jr., M.D., Chief 
of the Department of Metabolism, St. Joseph and Philadelphia General 
Hospitals, Philadelphia, Pennsylvania, with 18 collaborators. In simple lan- 
guage, thishandbook outlines the knowledge necessary to help the diabetic and 
his family live with his condition. Seven chapter headings are: Questions the 
Diabetic Asks, and the Physician’s Answers; Causes, Symptoms and Diagnosis 
of Diabetes; Complications of Diabetes; Insulins and Oral Medication; Foods; 
Laboratory Tests and General Hygiene; and The Present and Future for the 
Diabetic; 286 pages; 1959. The Ronald Press Company, New York, N.Y. 
Price $4.50. 

Diagnosis and Treatment of Menstrual Disorders and Sterility. Fourth edition of Mazer & 
Israel’s book by 8. Leon IsraEt, M.D., Professor of Gynecology and Obstet- 
ries, Graduate School of Medicine, University of Pennsylvania; Chief Gynecol- 
ogist, Graduate Hospital; Gynecologist and Obstetrician, Pennsylvania Hos- 
pital, Philadelphia, Pennsylvania. This well known textbook has been almost 
completely rewritten in order to reflect the progress of recent years, and is in- 
tended as a guide for the family physician in treating the numerous cases of 
menstrual disorders and sterility that he will inevitably encounter in a busy 
practice. There are three new chapters on the role of the thyroid, the adrenal 
cortex, and androgens respectively. New procedures and treatment are dis- 
cussed. The chapter on the male factor in sterility has been rewritten. The 
more pertinent findings of fundamental scientists have been interpreted in the 
light of their useful applications. Many bibliographic references; 666 pages; 
147 illustrations; 1959. Paul B. Hoeber, Inc., New York, N.Y. Price $15.00. 

Endocrinologia. Edition 5. By Dr. Ropotro Q. Pasqua.int, Jefe del Servicio de Endo- 
crinologfa del Hospital Militar Central; Ex Profesor Titular de Clinica Médica 
y del Curso de Endocrinologia para Graduados de la Facultad de Medicina de 
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Buenos Aires; Ex Director del Instituto Nacional de Endocrinologfa, Buenos 
Aires, Argentina. After opening chapters on the structure of the endocrine 
glands and on the individual hormones, the book covers the subject of clinical 
endocrinology in detail, including diagnosis and treatment. The author has 
attempted to strike a balance between the physiological and the clinical, the 
classical and the modern, the usual and the exceptional, and between theory 
and practice. Argentinian contributions to the fundamental and clinical aspects 
of endocrinology are included. There are over 400 illustrations; 866 pages (in 
Spanish); 1959. El Ateneo, Buenos Aires, Argentina. 


Fermente, Hormone, Vitamine und die Beziehungen dieser Wirkstoffe zueinander. Edition 3. 


By Pror. Dr. Ropert Ammon, Physiologisch-Chemisches Institut der Uni- 
versitit des Saarlandes, Homburg/Saar and Pror. Dr. WILHELM D1IRSCcHERL, 
Physiolgisch-Chemisches Institut der Universitit, Bonn/Rhein. Band I. 
Fermente. Ed. by R. AMMon, Homburg/Saar and K. MyrpAcx, Institutet for 
organisk kemi och biokemi, Stockholm Va. The volume has been brought up to 
date and contains chapters on the general and special aspects of ferments 
(enzymes) that will be of particular interest to biochemists. The chapters cover 
the hydrolases, carbohydrases, C-N-hydrolases (amidases and proteases), trans- 
ferases, isomerases, lyases (aldolase, etc.), enzymatic decarboxylation, biologic 
oxidation, anaerobic carbohydrate reduction, the citric acid cycle, oxidative 
phosphorylation, the fatty acid cycle and photosynthesis; 564 pages; 34 illus- 
trations; 53 tables; 1959. Georg Thieme Verlag, Stuttgart, Germany. Sub- 
scription price, DM 81.60 ($19.45). In U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York, N.Y. 


Medical Management of the Menopause. A Modern Medical Monograph. By Mrinniz B. 


GoutpBerG, M.D., Associate Clinical Professor of Medicine, University of 
California School of Medicine, San Francisco, California. The author’s clinical 
experience covers both the prehormonal and hormonal eras and has convinced 
her of the value of hormonal therapy. The menopause is discussed in chapters 
covering the physiology of menstruation and the etiology of the menopausal 
syndrome, the physiologic, metabolic and pharmacologic aspects of the gonadal 
steroids, symptomatology of the menopause, diagnosis and diagnostic proce- 
dures, therapeutic management, hormonal and hormone-like agents for treat- 
ment, and problems in therapy; 98 pages; 10 figures; 5 tables; 1959. Grune & 
Stratton, New York, N.Y. Price $4.50. 


Metabolic Homeostasis. A Syllabus for Those Concerned with the Care of Patients. By 


Natuan B. Taxpot, M.D., Assoc. Professor of Pediatrics, Harvard Medical 
School; Physician, Children’s Medical Service, Massachusetts General Hos- 
pital, Boston, Mass.; Ropert H. Ricuie, M.D., Instructor in Pediatrics, Har- 
vard Medical School; Assistant Physician, C.M.S., Massachusetts General 
Hospital; Jonn D. Crawrorp, M.D., Assistant Professor of Pediatrics, 
Harvard Medical School; Physician, C.M.S., Massachusetts General Hospital; 
and Epitu S. Taerin, Medical Artist, Massachusetts General Hospital. In- 
formation regarding the manner in which the body maintains a steady state 
through suitable adjustments is applied to the diagnostic and therapeutic 
problems that arise in the care of patients, The clinically useful form in which 
this information is presented enables the physician to become familiar with the 
limits of capacity of the body’s homeostatic systems. Section A (Basic Con- 
siderations) deals with the water, the sodium and the hydrogen ion homeostatic 
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systems, and chloride and phosphorus homeostasis. Section B (Clinical Applica- 
tions) deals with infant feeding, parenteral fluid therapy, and renal disabilities. 
An important book concerned with fundamental concepts. There are several 
convenient charts for converting various terms of measurement; 134 pages; 47 
figures; 4 graphs; 1959. Cambridge, Mass., Harvard University Press. 


(Die) Sterilitét der Frau. Ein Leitfaden der Diagnostik und Therapie fiir die Praxis. By 


Pror. Dr. WERNER BickenBacu, Direktor, I. Universitsats-Frauenklinik 
Miinchen, and Dr. Gerp K. Dérine, Privatdozent fiir Frauenheilkunde an 
der Universitat, Miinchen, Germany. Recent advances in the diagnosis and 
management of sterility are discussed from the viewpoints of constitution, 
genital organs, control of ovarian function, spermatic function in the male, 
tubal patency, pituitary, ovarian, tubal, uterine, cervical, vaginal and various 
extragenital causes of sterility, and artificial insemination; 71 pages; 1959. 
Georg Thieme Verlag, Stuttgart, Germany. Price DM 6.80. 


Tumors of the Pancreas. Section VII—Fascicles 27 and 28, Atlas of Tumor Pathology. By 


VireiniA KNEELAND Frantz, M.D., Professor of Surgery, College of Phys- 
icians & Surgeons, Columbia University; Attending Surgical Pathologist, 
Presbyterian Hospital, New York, N.Y. Published by the Armed Forces In- 
stitute of Pathology under the auspices of the Subcommittee on Oncology of 
the Committee on Pathology of the Division of Medical Sciences of the Na- 
tional Academy of Sciences—National Research Council. In this well docu- 
mented and illustrated volume, tumors of the pancreas are dealt with under 
the following headings: Anatomy, heterotopia, tumors of pancreatic tissue, 
exclusive of islet-cell neoplasms (cysts, benign neoplasms of exocrine glands, 
carcinoma of exocrine glands, and rare malignant tumors other than primary 
carcinoma), islet-cell tumors (benign, malignant), lesions associated with islet- 
cell tumors (including tumors of multiple endocrine organs), and extrapancrea- 
tic tumors associated with hypoglycemia; 149 pages; 94 figures; 1 color plate; 
3 tables; 1959. American Registry of Pathology, Armed Forces Institute of 
Pathology, Washington 25, D. C. Price $1.50. ’ 
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